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PREFACE. 


The  subject  of  lead  poisoning  from  drinking 
•water  has  lately  attracted  much  attention,  and  it 
has  been  proved  by  the  reports  of  Medical  Officers 
of  Health  and  others,  that  in  certain  districts  a 
great  danger  to  the  health  of  the  community 
exists  in  the  form  of  lead  in  the  water  as  supplied 
to  the  houses.  Deaths  from  lead  poisoning  occa- 
sionally occur,  and  illness  from  the  same  cause  is 
known  to  be  widely  prevalent  in  these  particular 
districts.  The  lead  is  derived  from  the  leaden 
pipes  used  to  convey  the  water  from  the  mains 
to  the  houses,  and  from  leaden  cisterns  in  which 
the  water  is  sometimes  stored.  The  water  in 
the  districts  particularly  affected  is  known  to 
he  of  peculiar  quality.  It  is  generally  obtained 
^om  moorland  streams,  and  is  a soft  water  with 
an  acid  reaction.  The  subsoil  of  the  ground  from 
which  the  water  is  drained  consists  of  an  in- 
soluble rock,  which  is  incapable  of  yielding  any 
alkaline  substance  to  the  water,  such  as  carbonate 
of  lime,  which  would  give  the  water  an  alkalinity. 
Hence  it  differs  from  water  that  has  been  in  con- 
tact with  any  form  of  limestone,  being  devoid 
of  carbonate  of  lime,  and  retaining  its  acidity. 
When  such  water  is  allowed  to  stand  in  a leaden 
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pipe,  it  is  found  to  take  up  a considerable  quantity 
of  lead,  and  this  water  being  drunk  habitually,  is 
capable  of  producing  a host  of  serious  symptoms, 
individuals  being  affected  by  it  in  different  ways. 

The  inquiries  that  have  already  been  instituted 
in  connection  with  the  subject  have  elicited  the 
fact  that  the  exact  chemical  reasons  for  the 
action  of  water  on  lead  are  unknown,  or  at  best 
but  indifferently  understood.  An  appreciation  of 
this,  gained  by  reading  the  more  recent  publica- 
tions, was  the  stimulus  which  set  the  author  to 
work  upon  the  subject  matter  of  the  following 
pages.  The  record  of  the  rather  numerous  experi- 
ments which  will  be  found  to  constitute  the  bulk 
of  the  essay  are  set  down  fully  as  they  are,  in 
order  to  allow  of  repetition,  and,  if  need  be, 
correction  by  any  chemist  who  cares  to  interest 
himself  in  the  subject.  Otherwise  the  author 
would  apologize  to  his  reader  for  so  much  minute 
detail  and  so  many  repetitions. 

A proper  understanding  of  the  reason  and  mode 
of  action  of  water  on  lead  should  enhance  the 
possibility  of  preventing  the  action,  and  the 
labour  has  not  been  in  vain  if  these  experiments 
serve  to  let  in  only  a little  light  which  may  enable 
other  experimenters  to  arrive  at  fuller  results. 

Stoke  Newington, 

December,  1890. 
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THE  ACTION  OF  WATER  ON  LEAD. 


I.— DISTILLED  WATER. 

The  action  of  distilled  water  on  lead  consists  in 
the  production  of  a solid  white  compound,  said 
to  contain  a molecule  each  of  hydrate  and  oxide 
of  lead,  its  formula  being  Pb2HO,  PbO.  The 
solution  of  this  compound  in  the  water  is  a 
secondary  and  separate  matter,  which  will  receive 
notice  in  its  place,  but  in  the  first  place  it  is  best 
to  concentrate  the  attention  upon  the  action 
which  causes  the  production  of  this  oxyhydrate. 

If  we  look  at  the  formula  of  the  oxyhydrate, 
we  see  that  it  cannot  be  formed  by  the  simple 
union  of  water  and  lead,  hut  that  every  com- 
pound molecule  requires  what  is  equivalent  to  one 
molecule  of  water  and  two  extra  atoms  of  oxygen. 
There  is  only  one  method  by  which  the  oxyhydrate 
can  be  produced,  if  we  consider  the  action  to  take 
place  between  lead  and  water  alone,  that  is  by 
displacement  of  hydrogen.  Excepting  at  high 
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temperatures,  lead  has  not  the  reputation  of  dis- 
placing the  hydrogen  of  water  in  the  way  that 
potassium,  sodium,  and  some  of  the  metals  of  the 
alkaline  earths  displace  it,  and  it  may  he  safely 
stated  that  if  water  per  se  has  any  action  what- 
ever on  lead,  it  is  so  slow  as  to  be  of  small  im- 
portance. So  we  here  are  met  at  the  outset 
by  the  crucial  question  : Whence,  and  in  what 
manner,  does  the  lead  derive  its  oxygen  ? 

The  study  of  the  action  of  water  on  lead  is  best 
begun  with  distilled  water,  because  distilled  water 
approaches  most  nearly  to  pure  water.  By  the 
process  of  distillation  it  has  been  deprived  of  the 
greater  portion  of  the  solid  constituents  com- 
monly found  in  ordinary  natural  waters.  But 
distilled,  or  even  redistilled,  water  is  not  abso- 
lutely pure.  It  contains  a certain  proportion  of 
organic  impurity,  which  is,  at  least  in  part,  of 
nitrogenous  composition.  This  organic  matter 
must  have  been  volatile  originally,  passing  over 
with  the  water  during  distillation.  It  is  very 
prone  to  decomposition,  and  forms  a deposit  in 
the  water  which  contains  it  when  the  latter  has 
been  stoi’ed  for  any  considerable  length  of  time. 
If  an  ordinary  distilled  water  be  taken  from  the 
carboy  in  which  it  is  stored,  it  may  exhibit  an 
apparent  action  upon  lead,  when  placed  in  con- 
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tact  with  that  metal,  or  it  may  not.  It  will  do  so 
more  often  than  not.  Its  action  or  non-action 
depends,  as  we  shall  try  to  prove  further  on,  upon 
the  condition  of  the  organic  impurity  which  it 
contains. 

Experiments  will  now  be  given  to  illustrate  the 
action  of  distilled  water  on  lead,  and  the  produc- 
tion of  the  solid  crystalline  oxyhydrate. 

The  lead  used  in  this  and  in  all  the  following 
experiments  was  a piece  of  new  one-inch  lead  ser- 
vice pipe,  which  was  cut  into  convenient  lengths 
of  about  1£  inch,  in  order  that  the  lead  might  be 
readily  cleaned.  Before  each  experiment,  the 
pieces  of  lead  were  thoroughly  scoured  with  a fine 
sand-paper,  and  afterwards  rubbed  with  a soft 
bristle  brush,  and  had  the  condition  of  pei’fectly 
clean  white  lustrous  metal  when  dropped  into  the 
water.  Most  of  the  experiments  were  performed 
in  jars  of  common  white  German  glass,  of  about 
12  ounces  capacity.  Five  ounces  of  water  and 
two  pieces  of  lead  were  generally  used,  the  water 
being  sufficient  to  well  cover  the  short  lead  tubes, 
one  of  which  lay  in  the  water  with  the  axis  of  the 
tube  horizontal,  the  other  stood  with  the  axis 
vertical.  Excepting  in  the  special  experiments  to 
be  recorded,  the  air  was  freely  admitted  to  the 
surface  of  the  water. 
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Experiment  I. — A distilled,  water  placed  in  a glass 
jar,  and  two  pieces  of  lead,  prepared  as  above,  dropped 
into  it. 

In  less  than  ten  minutes  the  action  was  observable,  and  after 
half-an-hour  there  was  a small  collection  of  white  deposit  on 
the  bottom  of  the  vessel,  particularly  round  the  piece  of  lead 
which  was  placed  vertically,  and  from  which  the  compound  was 
evidently  falling  as  it  formed.  On  moving  the  jar  a little 
cloud  of  white  material  was  detached  from  the  lead,  which  gave 
the  water  au  opalescence.  This  was  soonest  seen  inside  the  tube 
of  lead  that  lay  horizontal. 

After  24  hours  the  bottom  of  the  jar  was  everywhere  covered 
with  a layer  of  the  white  compound.  About  the  sides  and  sur- 
faces of  the  lead  fine  glistening  crystalline  scales  were  clinging, 
easily  detached  by  a slight  agitation.  The  water,  which  origin- 
ally had  been  slightly  acid  to  litmus,  was  now  alkaline. 

After  48  hours  the  action  was  still  going  on,  more  of  the 
crystalline  scales  being  produced. 

After  96  hours  the  action  was  still  progressing.  The  scales 
of  white  compound  seemed  to  be  larger  than  at  first,  but  when 
shaken  roughly  were  found  to  separate  into  smaller  crystals, 
which  had  evidently  been  attached  to  one  another.  There  was 
some  slight  amount  of  scum  on  the  surface  of  the  water.  This 
action  went  on  in  the  same  way  continuously  through  several 
weeks,  until  the  lead  was  half  buried  in  the  deep  layer  of  white 
oxyhydrate  that  had  been  produced.  When  the  action  had 
become  well  established,  it  appeared  to  proceed  at  a faster  rate 
than  at  first,  bulky  masses  of  crystals  forming  rapidly  on  the 
lead.  The  jar  being  loosely  covered  by  a piece  of  paper,  a faint 
ammoniacal  odour  could  after  a time  be  detected  in  the  air  of 
the  jar  above  the  water,  due,  no  doubt,  to  ammonia  set  free 
from  ammonia  salts,  contained  in  the  water,  by  the  action  of 
the  lead  hydrate  upon  them. 
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The  action  observed  in  this  experiment  is 
typical,  and  was  obtained  from  several  different 
distilled  waters,  as  well  as  from  certain  other 
waters  to  be  mentioned  later. 

The  reaction  of  the  water  of  this  experiment 
was  slightly  acid  to  litmus  to  begin  with,  but  the 
action  was  not  due  to  the  acidity  of  the  water,  for 
the  very  small  amount  of  acid  present  was  quickly 
neutralized,  and  during  the  remainder  of  the 
experiment  the  water  was  decidedly  alkaline,  the 
alkalinity  being  due  to  the  basic  compound  of 
lead  produced.  Neither  does  the  mere  fact  of  an 
acid  reaction  appear  to  heighten  the  action  in  its 
initial  stage,  for  distilled  waters  that  were  neutral 
or  even  very  faintly  alkaline  from  the  first  were 
found  to  act  upon  the  lead  with  equal  readiness. 
Nevertheless,  those  distilled  waters  which  do  not 
readily  act  on  lead  will  be  found  to  have  an 
alkaline  reaction. 

Experiment  II. — Another  sample  of  distilled  water  (the 
reaction  of  which  was  alkaline  to  begin  with)  with  lead  in  jar  as 
before. 

After  one  hour  it  was  evident  there  was  not  to  be  the  quick 
and  decided  action  of  Experiment  I. 

After  24  hours  some  rather  large  crystalline  scales,  or 
spicules,  were  formed,  particularly  upon  the  inner  sides  of  the 
pieces  of  lead  tube,  being  attached  to  the  tube  in  patches.  No 
lead  compound  on  the  bottom  of  the  vessel. 
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After  48  hours  crystals  of  comparatively  large  size,  but  few 
in  number,  lay  at  the  bottom  of  the  jar.  The  area  of  attack  on 
the  lead  appeared  increased,  the  adherent  scabs  of  crystals 
covering  a larger  portion  of  the  inner  lining  of  the  tubes.  The 
outer  sides  of  the  tubes  showed  little  sign  of  action. 

After  72  hours  the  action  was  little,  if  at  all,  further  increased. 
The  outer  sides  of  the  lead  tubes  were  scarcely  affected. 

Here  we  see  a water  that  appears  to  have  some 
power  of  action  upon  the  lead,  which  action  is 
apparently  prevented,  or  at  least  retarded,  pre- 
sumably by  something  which  is  contained  in  the 
water,  and  which  exercises  an  antagonistic  in- 
fluence, or  obstruction,  to  the  energetic  action  as 
exhibited  in  the  water  of  FxperimentL,  and  which 
this  water  also  might  exhibit  were  it  freed  from 
this  obstructive  influence.  If  this  be  a correct 
theory  the  study  of  the  action  of  distilled  water  oh 
lead  resolves  itself  into  two  distinct  sides,  namely  : 
1.  The  cause  of  the  action,  and  2.  The  obstruction 
to  the  action. 

Experiment  III. — The  distilled  water  as  iu  Experiment 
I.,  which  acted  on  lead  with  production  of  much  oxyhydrate, 
was  boiled  in  a glass  vessel  one  minute.  Its  reaction,  which  had 
been  previously  acid,  after  boiling  became  decidedly  alkaline, 
and  being  now  placed  in  the  jar  with  lead  as  before  no  action 
was  apparent  after  several  days. 

In  boiling  this  water  one  of  two  things  must 
have  occurred  : either  the  destruction  of  the  cause 
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of  action  or  development  of  obstruction  to  tbe 
action.  It  is  quite  a common  thing  for  a water 
which  acts  on  lead  to  lose  its  power  of  action  when 
it  is  boiled  in  a flask,  but  it  is  not  invariable,  as 
shown  in  the  next  experiment. 

Experiment  IV. — A distilled  water,  which  acted  very 
strongly  on  lead  in  the  way  described  under  Experiment  I., 
was  boiled  10  minutes,  then  cooled  and  placed  in  the  jar,  lead 
being  added.  The  reaction  of  the  water  was  on  the  alkaline 
side  of  neutrality. 

Action  began  quickly,  and  after  one  hour  was  marked. 

After  12  hours  a considerable  amount  of  lead  compound  had 
been  deposited  on  the  bottom  of  the  vessel  and  about  the  pieces 
of  lead.  It  was  of  a curdy  appearance. 

After  48  hours  much  action  had  taken  place ; the  product 
during  latter  part  of  time  had  been  of  the  usual  scaly  crystalline 
appearance. 

It  is  important  to  notice  that  the  first  portion  of 
white  lead  compound  produced  had  not  the  usual 
scaly  appearance,  but  formed  a more  curd-like 
precipitate. 

This  experiment  negatives  the  idea  that  when 
the  action  of  a water  is  prevented  by  boiling  the 
water,  the  destruction  or  dissipation  of  the  cause 
of  action  is  the  true  reason.  On  the  other  hand, 
the  idea  that  the  water  contains  a new  substance 
after  boiling  in  a glass  flask  which  prevents  the 
action  being  exercised  receives  accentuation.  It 
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is  not  improbable  that  the  character  of  the  organic 
material  in  the  water  may  be  altered  by  boiling, 
and  a compound  be  formed  capable  of  coating  the 
lead  by  giving  up  C02  which  would  be  utilized  to 
form  a basic  carbonate  upon  the  surface  of  the 
metal.  The  increase  of  alkalinity  observed  in  a 
water  after  boiling  in  a glass  vessel  may,  however, 
be  due  to  solution  of  alkali  from  the  "lass,  and 
that  this  is  the  more  likely  hypothesis  is  proved 
when  we  find  the  alkalinity  not  increased  after 
boiling  the  same  water  in  a platinum  vessel.  In 
the  latter  instance  it  remains  an  open  question 
whether  the  obstruction  is  due  to  silica  or  to 
carbonate  of  soda.  In  Experiment  IV.  we  may 
suppose  there  was  not  sufficient  of  this  obstruction 
produced  from  either  cause  to  stop  the  action,  but 
enough  to  modify  the  first  portion  of  the  product, 
which  had  an  unusual  curdy  appearance.  In  Ex- 
periment III.,  which  was  a different  sample  of 
distilled  water,  there  was  enough  produced  on 
boiling  to  completely  stop  the  action.  It  is  very 
likely  also  that  the  imperfect  action  exhibited  by 
the  water  of  Experiment  II.  arose  from  the  same 
cause,  that  is,  from  the  fact  of  the  water  contain- 
ing a substance  capable  of  giving  the  lead  an 
insoluble  coat.  We  saw  that  the  parts  of  the 
lead  most  affected  were  on  the  inner  sides  of  the 
tubes  ; that  is  to  say,  the  parts  most  remote  from 
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the  influence  of  the  bulk  of  the  water.  It  was 
noticed  also  in  numerous  experiments,  both  with 
distilled  and  other  waters,  in  which  a protective 
influence  was  exercised,  that  a very  little  action 
with  production  of  solid  white  lead-salt  occurred 
on  the  under  surface  of  the  piece  of  lead  pipe  that 
lay  horizontal  close  to  where  it  touched  the  glass, 
and  also  on  the  piece  of  lead  pipe  which  stood 
vertical,  where  it  leaned  against  the  side  of  the 
jar.  Where  the  lead  was  in  actual  contact  with 
the  glass  it  retained  its  original  polish  as  a 
roundish  or  oval  bright  spot,  the  remainder  of 
the  surface  being  covered  with  a darker  coat.  At 
the  line  of  junction  of  the  bright  and  darkened 
part  a little  white  lead  compound  was  produced. 
When  this  is  seen  to  happen  it  may  he  taken  as  a 
sign  that  the  protective  influence  in  that  water  is 
not  very  powerful.  When  the  action  of  the  water 
on  the  lead  is  patchy,  that  is  when  some  parts  of 
the  lead  are  acted  upon  and  some  escape,  the 
indication  is  not  that  the  tendency  is  for  the 
action  to  take  place  from  certain  points  or  centres 
owing  to  some  physical  condition  of  the  metal,  or 
from  galvanic  action,  a view  which  seems  to  he 
entertained  by  the  author  of  a recent  publication, 
but  merely  that  the  lead  is  protected  in  those  parts 
where  action  does  not  occur,  the  protective  in- 
fluence— generally  carbonate — not  being  sufficient 
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to  cover  the  whole.  The  likelihood  is  great  that, 
at  least  after  being  kept  a few  days,  all  ordinary 
distilled  waters,  as  well  as  most  natural  waters, 
possess  power  of  acting  on  lead  to  produce  the 
oxyhydrate,  but  the  exercise  of  this  power  is  in 
many  instances  prevented  by  the  power  that 
waters  at  the  same  time  possess  of  giving  the  lead 
an  insoluble  coat,  a power  which  we  have  termed 
“ the  obstruction.”  In  the  case  of  distilled  waters, 
this  obstruction  is  not  great  in  amount,  and  there- 
fore not  difficult  to  remove,  an  obvious  method  of 
removing  it  being  to  remove  the  lead  upon  which 
it  has  exhausted  itself.  Thus,  suppose  there  be 
no  production  of  the  oxyhydrate  of  lead  in  an 
experiment  with  a distilled  water,  that  is  of 
alkaline  reaction,  at  the  eud  of  a few  hours  let 
the  lead  be  removed  from  the  water,  cleaned  and 
replaced,  or  substituted  by  fresh  clean  pieces  of 
lead.  Often  in  the  case  of  distilled  water,  when 
the  surface  of  the  lead  exposed  to  the  action  bears 
the  proportion  to  the  volume  of  water  as  in  the 
above  experiments,  one  change  of  lead  will  be 
found  sufficient,  but  if  action  is  not  then  set  up, 
the  obstruction  in  the  water  being  still  sufficient 
to  cover  the  lead  with  a protective  coat,  the  lead 
may  be  changed  again  and  again  until  action  at 
last  ensues,  when  all  the  obstruction  is  withdrawn, 
as  it  certainly  can  be  by  this  method. 
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Experiment  V. — A distilled  water  which  acted  strongly 
on  lead  with  production  of  oxyhydrate  was  placed  in  a glass  jar, 
and  so  much  solution  of  carbonate  of  ammonia  dropped  in  from 
a burette  as  to  give  it  a strength  equal  to  one  grain  Am,  C03  per 
gallon.  The  lead  was  then  put  in. 

Action  began  quickly  and  proceeded  for  a short  time  slug- 
gishly, and  was  then  checked. 

After  24  hours  it  was  evident  the  carbonate  had  stopped  the 
action,  which  at  first  took  place  so  rapidly  that  a little  lead  com- 
pound was  produced  and  detached  from  the  lead  before  sufficient 
carbonate  of  lead  could  he  formed  to  cover  the  metal. 

After  48  hours  no  further  action  had  taken  place. 

The  lead  was  now  removed,  cleaned  thoroughly  by  scouring 
with  sand  paper  and  brushing  with  a soft  brush,  and  returned  to 
the  water. 

Action  commenced  immediately,  and  the  remaining  carbonate 
of  ammonia  was  insufficient  to  again  stop  it,  hut  in  six  hours 
the  lead  remained  uucoated  and  a considerable  amount  of  com- 
pound had  been  produced.  It  was  of  a curdy  appearance. 

After  24  hours  much  action  had  taken  place,  as  much,  to  all 
appearance,  as  if  the  carbonate  of  ammonia  had  not  been  added. 
The  action  afterwards  went  on  continuously,  the  after-product 
consisting  of  the  usual  crystalline  scales. 

Experiment  VI. — A distilled  water  which  acted  strongly 
on  lead  with  production  of  oxyhydrate  was  well  shaken  with 
precipitated  chalk  in  such  proportion  that  if  all  the  chalk  had 
been  dissolved  the  strength  would  have  been  equal  to  three 
grains  of  Ca  C03  in  the  gallon.  But  very  little  was  dissolved, 
certainly  not  one-third  of  the  above  quantity.  The  water  was 
then  separated  from  excess  of  chalk  by  filtration  through  filter 
paper,  and  the  usual  two  pieces  of  lead  were  put  into  it. 

After  24  hours  a very  trifling  amount  of  action  had  taken 
place,  the  product  being  of  a curdy  appearance. 

After  48  hours  a very  little  more  action  had  occurred.  The 
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tubes  were  lined  with  adherent  lead-salt  and  marked  with 
patches  of  the  same  externally.  There  was  a very  little  curdy 
deposit  at  the  bottom  of  the  vessel. 

After  96  hours  the  action  was  stationary,  and  the  result  there- 
fore was  that  the  very  small  quantity  of  carbonate  of  calcium 
in  solution  had  not  been  able  to  immediately  stop  the  action  of 
this  strongly  acting  water,  but  during  the  first  two  days  had 
greatly  retarded  it  and  had  finally  stopped  it  completely. 

The  lead  was  now  taken  out,  cleaned  and  returned,  and  it  was 
then  discovered  that  the  carbonic  radicle  had  been  so  far  removed 
that  the  action  was  now  as  rapid  and  continuous  as  in  the 
original  water. 

Experiment  VII. — Water  distilled  from  a glass  retort. 
It  was  the  first  that  came  over,  and  besides  containing  the  “ free 
ammonia  ” of  the  original  water,  it  contained  some  splashings. 
The  water  in  the  retort  was  that  of  the  New  River  Company 
containing  about  13  grains  Ca  C03  per  gallon. 

The  distilled  water  was  filtered  through  paper  and  put  into 
the  glass  jar  with  lead  in  the  usual  way.  Its  reaction  was 
decidedly  alkaline. 

After  24  hours  a very  slight  action  had  taken  place  upon  the 
inner  surfaces  of  the  lead  pipes  only.  The  outer  surfaces  were 
only  darkened. 

After  48  hours  no  further  action  had  taken  place.  Where  the 
lead  was  protected  from  the  main  bulk  of  the  wrater,  as  near  to 
where  it  touched  the  glass,  there  was  a little  deposit  of  white 
lead-salt,  and  it  was  thus  made  evident  that  the  water  contained 
both  the  cause  of  the  action  and  the  obstruction  to  the  same. 

The  lead  was  now'  taken  out,  dried,  scoured,  polished,  and 
returned. 

After  12  hours  a considerable  quantity  of  curdy  deposit  had 
been  produced  upon  the  lead  and  upon  the  bottom  of  the  jar. 

It  lias  been  before  hinted  that  when  the  product 
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is  of  this  curdy  nature  the  presence  of  carbonate  is 
betokened.  The  carbonate,  however,  is  not  present 
in  sufficient  quantity  to  stop  the  action  by  rapidly 
converting  the  very  fh’st  portion  of  oxy hydrate 
produced  into  an  insoluble  carbonate  of  lead, 
which,  attaching  itself  closely  to  the  surface  of 
the  metal,  protects  it  from  the  further  action 
of  the  water. 

From  the  consideration  of  the  obstruction  to 
the  action  of  distilled  water  on  lead  let  us  now  pass 
to  the  consideration  of  the  cause  of  the  action.  The 
following  experiment  proves  that  the  supply  of 
oxygen  is  not  gained  by  the  decomposition  of 
water  with  evolution  of  hydrogen  : — 

Experiment  VIII.— A distilled  water  which  acted 
strongly  on  lead,  in  the  usual  way,  with  production  of  crystal- 
line oxyhydrate,  was  placed  in  a glass  basin  which  was  so  deep 
that  a small  glass  beaker,  when  introduced  sideways,  was  com- 
pletely submerged.  The  beaker  being  then  inverted  remained 
perfectly  full  of  water,  and  a piece  of  cleaned  lead  being  intro- 
duced beneath  its  mouth,  the  beaker  wras  allowed  to  stand  over 
it  so  that  any  hydrogen  evolved  would  displace  the  water  and  be 
collected  at  the  top  of  the  beaker. 

The  action  of  the  water  began  immediately,  and  after  24 
hours  a little  heap  of  white  compound  lay  all  round  the  lead 
within  the  beaker. 

After  48  hours  more  of  the  oxyhydrate  had  been  produced,  but 
not  the  smallest  bubble  of  gas  had  been  collected  at  the  top  of 
the  beaker. 
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After  96  hours  the  action  had  apparently  come  to  a standstill. 
After  144  hours  the  lead-salt  was  very  slightly,  if  any  further, 
increased,  and  there  was  no  gas  in  the  beaker. 

The  beaker  was  now  removed,  and  the  water  it  had  enclosed 
was  consequently  mixed  with  the  bulk  of  the  water  in  the  basin, 
and  fresh  water  being  brought  into  contact  with  the  lead,  the 
result  was  that  the  action  commenced  again  immediately. 

From  this  experiment  we  learn  two  things.  In 
the  first  place  no  hydrogen  is  evolved.  In  the 
second  place,  when  the  water  about  the  lead  is 
limited,  and  the  air  cut  off,  the  action,  with  pro- 
duction of  oxyhydrate,  is  not  interminable,  but 
proceeds  for  a comparatively  short  period  only, 
and  then  comes  to  an  abrupt  end. 

So  we  must  put  aside  the  idea  that  the  lead 
decomposes  the  water  displacing  hydrogen,  and 
appropriating  oxygen  and  hydroxyl  to  form  the 
compound  Pb2HO,  PbO,  and  we  infer  from  our 
last  experiment  that  water  contains  oxygen  in 
another  form  than  in  combination  as  water ; that 
it  is  from  this  oxygen  the  lead  draws  its  first 
supply,  and  that  the  after-supply  is  drawn  from 
the  air  when  we  see  the  action  continued  through 
many  days  or  weeks,  as  in  Experiment  I. 

In  Experiment  VIII.  the  mouth  of  the  beaker 
did  not  fit  so  closely  down  upon  the  bottom  of  the 
basin  as  to  make  a complete  separation  between 
the  water  inside  the  beaker  and  that  outside  it ; 


DISTILLED  WATEK. 


19 


but  if  any  currents  were  established  between  the 
wa.ter  inside  the  beaker  and  that  outside  it,  the 
interchange  of  water  must  have  been  very  slow. 
The  effect  of  cutting  off  the  air,  however,  was 
exemplified  in  a more  perfect  manner  in  the  next 
experiments  performed  simultaneously  for  the 
object  of  comparison. 

Experiment  IX. — A distilled  water  that  acted  strongly 
on  lead  placed  in  a glass  jar  and  lead  put  in  precisely  as  before, 
the  air  being  allowed  free  admission  to  the  water. 

Experiment  X. — The  conditions  were  exactly  as  in 
Experiment  IX.,  but  melted  hard  paraffin  was  poured  on  the 
surface  of  the  water  to  a depth  of  half-an-inch,  and  by  this 
means  the  air  was  excluded. 

After  24  hours.  A considerable  and  apparently  equal  amount 
of  action  had  occurred  in  both  jars,  the  bottoms  of  the  jars 
being  covered  with  deposit  of  white  lead  oxyhydrate,  the 
apparent  amount  and  character  of  the  lead-salt  being  the  same 
in  both  jars.  Three  or  four  large  bubbles  of  gas  were  visible 
under  the  paraffin  of  Experiment  X. 

After  48  hours.  In  Experiment  IX.  the  action  had  increased, 
and  the  product  was  greater  in  amount  than  at  this  time 
observed  in  Experiment  X.  In  the  latter  experiment  some 
more  lead  oxyhydrate  had  been  produced,  but  the  action  had 
been  slower,  and  the  total  amount  of  lead  salt  was  now  not  so 
great  as  in  Experiment  IX. 

After  72  hours.  In  Experiment  IX.  the  action  appeared  to 
be  going  on  faster  than  ever ; but  in  Experiment  X.  there  had 
been  little,  if  any,  further  production  of  oxyhydrate. 

After  120  hours.  In  Experiment  IX.  the  action  was  con- 
tinuing, the  oxyhydrate  produced  being  now  greatly  in  excess 
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of  that  produced  in  Experiment  X.  In  the  latter  experiment 
the  action  had  apparently  ceased.  There  were  still  gas  bubbles 
under  the  paraffin,  but  they  were  (?)  smaller  than  when  first 
noticed. 

The  paraffin  was  now  removed  with  a knife,  and  the  pieces  of 
lead  pipe  removed  from  both  waters.  The  solid  oxyhydrate 
that  had  been  produced  was  then  dissolved  by  adding  to  each 
jar  a few  drops  of  hydrochloric  acid,  and  the  lead  in  each  jar 
was  estimated.  The  five  ounces  of  water  of  Experiment  IX. 
contained  1 j grain  of  lead  (Pb).  The  five  ounces  of  Experiment 
X.  contained  } grain  of  lead. 

The  occurrence  of  gas  bubbles  under  the  paraffin 
looks  on  the  face  of  it  as  if  gas  had  been  evolved 
as  the  outcome  of  the  action.  The  presence  of 
these  bubbles,  however,  admits  of  a better  ex- 
planation. The  paraffin  is,  of  course,  warm  when 
it  is  poured  on  to  the  water.  Where  it  touches 
the  sides  of  the  glass  jar  it  adheres  firmly  and 
sets  quickly,  but  the  chief  mass  of  the  paraffin 
solidifies  more  slowly  and  contracts,  and  in  con- 
sequence it  is,  in  a measure,  lifted  up  from  the 
surface  of  the  water,  and  the  result  is  a vacuum 
or  several  small  vacua  between  the  paraffin  and 
the  surface  of  the  water.  The  gases  dissolved  in 
the  water  rise  into  these  vacua  and  form  the  air 
bubbles.  That  the  lead  has  nothing  to  do  with 
their  production  can  be  easily  proved  by  repeating 
the  experiment  without  the  lead,  in  which  case 
the  bubbles  will  be  found  to  occur  as  before. 
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Experiment  X.  supplements  Experiment  VIII. 
in  proving  that  the  water  contains  oxygen  free  or 
combined,  which  is  applicable,  so  far  as  it  goes, 
to  the  production  of  oxyhydrate  from  metallic 
lead  when  the  latter  is  placed  in  contact  with  the 
water.  The  indefinite  continuation  of  the  action, 
however,  requires  the  free  admission  of  air  from 
which  a never-failing  supply  of  oxygen  can  be 
obtained. 

We  have  seen  that  in  the  case  of  many  dis- 
tilled waters  the  action  was  prevented  on  boiling 
them  in  glass  vessels,  and  have  proved  that  the 
reason  it  was  stopped  was  not  on  account  of  the 
destruction  of  the  cause  of  action,  hut  on  account 
of  the  development  of  an  obstruction  to  that 
action  which  it  was  possible  to  remove.  In 
Experiment  IY.  we  had  a water  in  which  this 
obstruction  developed  after  boiling  ten  minutes, 
was  not  sufficient  to  stop  the  action  of  the 
water  on  the  lead,  presumably  owing  to  the  fact 
of  the  water  containing  too  little  of  the  organic 
material  from  which  the  obstruction  may  be,  in 
part,  produced  upon  boiling,  or  to  some  other  un- 
noticed circumstance.  In  this  experiment  the 
gases  dissolved  in  the  water  must  have  been  dis- 
sipated. True,  on  cooling  down  the  water,  the 
gases  of  the  atmosphere  would,  in  the  course  of 
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time,  be  reabsorbed,  and  the  assertion  that  free 
oxygen,  dissolved  in  the  water,  is  not  the  cause  of 
the  action,  might,  in  consequence,  be  called  in 
question.  But  the  action  observed  when  lead 
was  put  into  this  recently-boiled  water  was  so 
immediate  and  decided  as  to  render  it  improbable 
that  it  was  due  to  dissolved  free  oxygen,  and  in 
an  experiment  to  be  mentioned  hereafter  with  a 
water  similar  in  character  with  that  of  Experi- 
ment IV.,  considerable  action  was  found  to  take 
place  at  212°  F.  Therefore,  we  may  take  it  that 
the  lead  derives  its  first  oxygen  from  another 
source  than  that  of  free  0.2  dissolved  in  the  water. 
The  same  argument  holds  good  for  any  other  gas 
that  is  merely  dissolved  in  the  water.  If  we  next 
direct  our  attention  to  a list  of  the  compounds 
which  waters  of  one  sort  and  another  are  known 
to  hold  in  solution,  the  presence  of  the  nitric 
radicle,  existing  in  the  form  of  nitrates,  must 
strike  us  as  a very  likely  source  of  oxygen  from 
which  the  oxyhydrate  of  lead  may  be  formed. 

That  the  presence  of  added  nitrate  has  effect  in 
overcoming  slight  obstruction  in  a water  is  proved 
by  the  experiments  which  follow.  From  them 
also  some  information  may  be  gained  of  the 
general  effect  of  nitrate  when  contained  in  water 
in  considerable  proportion. 
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Experiment  XI A distilled  water  of  sliglitly-alkaline 

reaction,  similar  to  that  of  Experiment  II.,  in  which  the  action 
on  the  lead  was  obstructed,  was  made  to  contain  three  grains  of 
nitrate  of  ammonia  in  the  five  ounces  of  water.  Lead  was  then 
put  into  it  as  before. 

Action  commenced  immediately  and  went  on  slowly  and 
continuously.  The  lead-salt  produced  had  a different  appear- 
ance to  that  produced  by  distilled  water  alone.  It  consisted  of 
fine  separate  crystals,  which,  when  shaken  up,  gave  the  water  a 
silky  or  micaceous  appearance. 

After  72  hours,  action  was  continuing,  but  apparently  more 
slowly  than  in  the  case  of  a strongly-acting  distilled  water. 

Half-an-hour  after  the  commencement  of  the  action  the  water 
was  tested  for  nitrite,  which  was  readily  discovered.  A con- 
siderable scum  developed  on  the  surface  of  the  water  of  this 
experiment,  consisting  of  crystals  of  a salt  of  lead.  The  water 
contained  a very  appreciable  quantity  of  lead  in  solution. 

Experiment  XII. — A distilled  water  that,  alone,  had  a 
slight  patchy  action  on  lead,  evidently  containing  some  small 
amount  of  obstruction,  had  half  a grain  of  nitrate  of  potassium 
dissolved  in  the  five  ounces  contained  in  a glass  jar,  and  clean 
lead  was  then  dropped  in  as  before. 

After  24  hours  the  bottom  of  the  jar  was  covered  with  a layer 
of  fine  white  compound,  the  lead  tubes  being  also  partly  covered 
with  the  same. 

After  72  hours  much  more  of  the  lead  compound  had  been 
produced. 

The  action  continued  for  several  more  days  and  then  came  to 
a termination,  and,  though  the  jar  was  kept  for  several  weeks, 
no  further  action  took  place.  No  scum  whatever  was  developed 
on  the  surface  of  this  water,  and  the  appearance  of  the  white 
product  was  not  like  that  obtained  with  nitrate  of  ammonia  as 
in  the  last  experiment,  and  quite  unlike  that  obtained  by  the 
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action  of  plain  distilled  water,  but  bad  a dense  pulverulent 
appearance.  The  supernatant  water  yielded  copiously  of 
nitrites,  but  contained  no  lead  in  solution. 

Experiment  XIII.— The  same  distilled  water  as  in  the 
last  experiment,  but  containing  five  grains  KN03  in  the  five 
ounces,  with  lead  as  before. 

After  24  hours  slight  action  had  occurred,  not  nearly  so 
marked  as  in  Experiment  XII.  in  the  same  time. 

After  72  hours  the  lead  salt  produced  had  been  a little 
increased  in  quantity,  but  was  far  less  than  that  produced  in 
Experiment  XII.  in  the  same  time.  Under  the  piece  of  lead 
that  lay  horizontal  a portion  of  the  compound  produced  was  of 
a yellow  colour. 

Experiment  XIV — The  same  distilled  water  as  in  the 
last  two  experiments,  but  made  to  contain  50  grains  KNO,  in 
the  five  ounces,  with  lead  as  before. 

After  72  hours  the  apparent  effect  was  much  less  even  than 
in  Experiment  XIII.  The  lead  was  merely  covered  with  a thin 
coat  of  white  compound.  The  water  contained  no  lead  in  solu- 
tion. 

In  these,  and  in  other  experiments,  the  addition 
of  nitrate  of  ammonia  or  nitrate  of  potassium  set 
up  action  where  otherwise  there  would  have  been 
none  or  next  to  none.  When  nitrate  of  ammonia 
was  added  to  the  water  in  such  large  proportion  as 
three  grains  in  five  ounces,  the  lead-salt  pro- 
duced had  a different  appearance  and  probably  a 
different  constitution  to  that  which  occurred  as 
the  result  of  the  action  of  a distilled  water  alone. 
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If  a mere  trace  of  nitrate  of  ammonia  be  added  to 
a distilled  water,  the  action  may  at  first  be  modi- 
fied, the  lead-salt  produced  being  different  in 
appearance,  but  if  the  action  be  allowed  to  go  on 
for  many  days,  the  appearance  of  the  ultimate 
product  is  the  same  as  that  produced  by  a dis- 
tilled water  alone.  The  difference  observed  when 
a good  deal  of  nitrate  is  present  may  be  due  to 
the  first  portion  of  lead-salt  produced  being  a 
basic  nitrite,  and  when  the  water  previously  con- 
tained obstruction  also  in  part  a basic  carbonate 
in  place  of  the  usual  oxy  hydrate. 

In  Experiment  XII.,  with  half  a grain  of 
KN03  in  the  five  ounces  of  water,  the  ordinary 
action  of  a distilled  water  is  clearly  superseded  by 
another  action  which  appears  to  go  on  just  as 
long  as  it  can  draw  material  from  the  nitrate  and 
then  comes  to  an  end. 

An  increase  in  the  strength  of  the  solution 
of  nitrate  of  potassium  leads  to  a diminution  of 
the  lead-salt  produced.  Thus  we  see  with  so 
strong  a solution  as  50  grains  in  five  ounces, 
the  only  effect  produced  is  a thin  coating  on 
the  lead  of  an  insoluble  lead  compound,  which 
will,  on  account  of  its  covering  the  lead,  protect 
the  metal  from  the  further  oxidizing  action  of 


26 


ACTION  OP  WATER  ON  LEAD. 


the  excess  of  nitrate  of  potassium  in  the 
water. 

Mention  has  been  made  of  a scum  which  is  seen 
upon  the  surface  of  the  water  in  most  of  the 
experiments.  Sometimes  it  is  considerable,  some- 
times very  slight.  Where  much  lead  exists  in 
solution,  as  in  the  water  to  which  nitrate  of 
ammonia  has  been  added,  the  scum  is  thick.  In 
the  water  containing  nitrate  of  potassium,  where 
there  is  no  lead  in  solution,  there  is  no  vestige  of 
scum.  The  scum  contains  crystals  of  lead-salt — 
carbonate  of  lead,  no  doubt — and  is  formed  upon 
water  containing  lead  in  alkaline  solution  on 
exposure  to  air  — a result,  in  fact,  precisely 
analogous  to  what  takes  place  when  lime-water 
is  exposed  to  air.  There  is  formation  of  a pellicle 
of  carbonate  of  calcium  on  the  surface,  due  to 
absorption  of  carbonic  acid  gas  from  the  air.  The 
occurrence  of  such  a scum  upon  the  surface  of  a 
water  that  has  been  in  contact  with  lead  is  a sign 
that  lead  is  dissolved  in  the  water,  and  that  the 
solution  is  alkaline.  In  the  case  of  distilled  water, 
the  scum  is  very  thin,  often  not  enough  to  cover 
the  whole  surface,  but  in  waters  containing  much 
ammonia-salt  it  is  always  considerable. 

Experiments  XV.,  XVI.,  and  XVII. — The  water 

used  in  these  experiments  was  a distilled  water  of  slightly 
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alkaline  reaction,  that,  alone,  had  but  a limited  patchy  action 
on  lead.  The  three  experiments  were  done  simultaneously. 

In  Experiment  XV.  the  five  ounces  of  water  had  dissolved  in 
it  half  a grain  AmN03. 

In  Experiment  XVI.  the  five  ouuces  contained  } grain 
AmN03. 

In  Experiment  XVII.  the  five  ounces  contained  ^ grain 
AmN  0 3 . 

Action  soon  commenced  in  all  with  production  of  white 
compound  of  lead.  At  first  the  product  appeared  greatest  in 
amount  in  the  jar  which  contained  least  AmNOa  and  least  in 
that  which  contained  most  of  the  ammonia  nitrate,  and  even  to 
the  end  of  the  experiment  a difference  was  noticeable ; it  still 
appeared  greater  where  there  was  least  ammonia  nitrate,  but 
the  crystals  were  smaller,  more  distinct  from  one  another,  and 
formed  a more  dense  precipitate  in  the  jars  containing  most 
ammonia-salt. 

After  96  hours  the  pieces  of  lead  were  removed  from  the 
respective  jars  and  the  lead  dissolved  in  the  water  of  each  jar 
estimated  in  the  water  after  filtration  through  paper.  The 
solid  product  being  caught  on  the  filters  was,  in  each  case, 
dried  equally  with  the  others  and  weighed.  That  derived  from 
the  water  containing  least  AmNO,  was  more  bulky  than  the 
others,  and  it  lost  most  weight  in  drying.  The  weight  of  the 
dry  lead-salt  was,  in  each  case,  within  a small  fraction  of  six 
grains,  so  that  the  addition  of  a larger  or  smaller  quantity  of 
Am  N O 3 had  had  little  effect  in  increasing  or  diminishing  the 
oxidation  of  the  lead,  the  difference  as  appreciated  by  the  eye 
being  probably  due  only  to  the  molecular  combination  of  water 
with  the  lead-salt.  The  amount  of  lead  actually  dissolved  in 
the  water,  however,  showed  a marked  difference,  being  directly 
proportionate  to  the  ammonia-salt  present. 
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Table  showing  the  effect  of  different  quantities  of  nitrate  of 
ammonia  in  a distilled  water  in  regard  to  the  production  of 
solid  lead  compound  and  its  after  solution  in  the  water. 


Water  6 oz. 

Lead  in  solution 
after  96  hours. 

Solid  lead  compound 
produced  in  96 
hours. 

Containing— 

gr.  Nitrate  of  Ammonia. 

} gr.  per  gallon. 

6 grs.  in  the  S oz. 

| »»  »»  »> 

3 „ 

6 „ 

2 n tt  tt 

8 »»  ft 

8 ft  tt 

In  the  following  experiments  we  get  corrobora- 
tion of  the  same  thing  with  a different  water, 
and  when  much  smaller  quantities  of  nitrate  are 
employed. 

Experiments  XVIII.,  XIX.,  XX.,  and  XXI  — 

The  water  was  a redistilled  water  that  had  been  kept  a short 
time,  five  ounces  being  used  in  each  case,  and  lead  dropped  into 
the  respective  jars  as  before.  The  four  experiments  were 
simultaneously  performed. 

In  Experiment  XVIII.  the  water  contained  no  added  nitrate. 

In  Experiment  XIX.  ammonia  nitrate  was  added,  the 
strength  of  the  solution  being  equivalent  to  $ grain  AmN03  per 
gallon. 

In  Experiment  XX.  the  strength  of  the  solution  equalled 
f grain  AmNO,  per  gallon. 

In  Experiment  XXI.  the  strength  equalled  one  grain  per 
gallon. 

The  action  in  each  of  these  experiments  was  comparatively 
slow,  and  after  72  hours  the  apparent  amount  of  solid  lead-salt 
produced  was  about  equal  in  each  jar. 
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The  lead  was  now  removed  from  each  jar,  and  a portion  of  the 
supernatant  water  of  each  experiment  was  filtered  through 
paper,  and  the  lead  in  solution  estimated  in  each.  Afterwards, 
a few  drops  of  hydrochloric  acid  being  added  to  the  remaining 
water  in  each  jar,  the  solid  lead-salt  was  dissolved,  and  was 
estimated  also  by  the  colorimetric  method  with  sulphuretted 
hydrogen.  The  approximate  result  was  as  in  the  following 
table. 

Table  showing  effect  of  different  quantities  of  nitrate  of  ammonia, 
when  added  in  very  small  proportion  to  a distilled  water,  in 
regard  to  the  production  of  solid  lead  compound  and  its  after 
solution  in  the  water. 


Water  5 oz. 

Lead  in  solution 
at  end  of  72  hours. 

Lead  existing  as 
solid  lead-salt  pro- 
duced in  72  hours. 

Redistilled  water  alone. 

lb  grain  per  gal. 

1 grain  in  the  5 oz. 

Redistilled  water  containing— 

d-  gr.  per  gal.  AmNOa 

1 

To  >»  »> 

^ a a 

i >>  »» 

5 >»  I» 

i „ 

1 it  it 

2 a it 

1 a a 

These  experiments  teach  .that  the  addition  of 
nitrate  of  ammonia  to  a water  that  already  pos- 
sesses power  of  acting  on  lead  with  production  of 
solid  oxyhydrate,  does  not  enable  the  water  to  act 
more  quickly  and  produce  a greater  amount  of 
oxyhydrate  in  a given  time.  If  anything,  the 
evidence  is  to  the  contrary,  proving  that  when  a 
very  large  proportion  of  nitrate  is  present  the 
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ordinary  action  with  production  of  solid  oxyhydrate 
is  retarded,  the  one  process  being  substituted  by 
another.  The  addition  of  nitrate  of  ammonia, 
however,  affects  the  solution  of  the  lead  compound 
in  the  water  to  a marked  degree,  the  amount  dis- 
solved being  proportionate  to  the  nitrate  of 
ammonia  present.  The  addition  of  nitrate,  more- 
over, at  least  when  the  nitrate  is  considerable  in 
quantity,  causes  any  slight  obstruction  to  be 
overcome,  though  it  cannot  cause  action  in  a 
water  that  is  strongly  protected,  such  as  a com- 
paratively hard  water,  e.g.,  that  of  the  New  River 
Company,  which  contains  about  13  grains  of  car- 
bonate of  calcium  per  gallon,  as  was  ascertained 
by  experiment. 

On  tbe  other  hand,  the  idea  of  the  action  of 
water  on  lead  being  due  to  the  presence  of  nitrate 
in  the  water  is  not  contradicted  by  these  experi- 
ments. The  amount  of  nitrate  naturally  con- 
tained in  distilled  water  is  often  infinitesimal, 
and  an  infinitely  small  proportion  of  nitrate  may 
be  sufficient  for  gradual  operation,  if  we  consider 
the  process  to  be  one  of  continued  deoxidation  of 
the  nitrate  by  the  lead,  and  its  reoxidation  by  the 
oxygen  derived  from  the  air.  In  this  case  also  it 
is  very  natural  to  suppose  that  the  oxyhydrate  of 
lead  produced  would  be  less  compact,  and  have  a 
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higher  degree  of  hydration,  would  fall  from  the 
surface  of  the  lead,  as  it  is  produced,  more  readily, 
and  would  consist  more  entirely  of  simple  oxyhy- 
drate  rather  than  of  a basic  salt,  containing  nitric 
oxide  or  nitric  peroxide.  All  these  are  points  of 
importance  in  tbe  consideration  of  the  experi- 
ments that  have  yet  to  be  recorded. 

Lead,  and  also  copper,  when  placed  in  a solution 
of  any  common  nitrate,  including  nitrate  of  lead 
itself,  rapidly  causes  reduction  of  the  nitrate  or  a 
part  of  it,  and  nitrite  occurs  iu  the  solution, 
oxide  of  lead  being  at  the  same  time  formed.  In 
any  of  the  foregoing  experiments,  in  which 
nitrate  was  added  to  the  water,  nitrite  could  be 
detected  in  a very  short  time,  and  after  a few 
hours  the  water  gave  a veiy  copious  reaction  for 
nitrite  in  each  case  when  the  stai’ch,  iodide,  and 
acetic  acid  test  was  applied.  The  fact  that  lead 
does  thus  reduce  nitrate  to  nitrite,  even  in  the 
weakest  solutions,  must  be  accepted  as  strong 
primd  facie  evidence  in  favour  of  nitrate  being 
the  source  from  which  the  first  supply  of  oxygen  is 
derived  by  the  lead.  Naturally,  a contemplation 
of  this  fact  led  to  each  of  the  distilled  waters 
being  tested  for  nitrite  after  they  had  exhibited 
their  action  upon  lead,  and  the  supernatant  water 
iu  every  one  of  the  experiments,  where  plain  dis- 
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tilled  water  had  acted  with  production  of  oxv- 
hydrate,  yielded  a slight  reaction  for  nitrite  when 
the  reagents  were  applied  in  the  most  careful 
manner,  a little  time  being,  however,  sometimes 
required  for  the  full  development  of  the  violet 
colour  obtained,  whereas  generally  in  the  oi’iginal 
waters  no  such  reaction  could  be  obtained.  We  do 
not  possess  any  test  for  nitrate  so  delicate  as  our 
test  for  nitrite,  but  when  any  of  these  waters  in 
their  original  condition  were  evaporated  down 
with  a trace  of  pure  caustic  soda  the  residue  gave 
in  each  case  a considerable  coloration  with  brucine 
and  sulphuric  acid,  denoting  the  presence  in  the 
water  of  traces  of  nitrate. 

The  discovery  of  nitrite  in  the  water  after 
contact  with  lead,  hacked  by  the  circumstantial 
evidence  which  follows,  proves  that  when  a dis- 
tilled water  acts  upon  lead  to  produce  oxyliydrate, 
the  oxidation  of  the  lead  is  brought  about  through 
the  mediation  of  the  oxides  of  nitrogen,  in  com- 
bination as  nitrites,  etc.,  which  act  between  the 
air  and  the  lead  as  oxygen  carriers. 

When  the  pieces  of  lead  which  have  been  ex- 
posed to  the  action  of  the  water  are  removed,  and 
allowed  to  dry  in  the  air,  they  are  seen  to  be 
covered  either  with  a thin  iridescent  film  in  cases 
where  the  water  contains  obstruction,  and  the  lead 
is  consequently  protected  from  its  action,  or  a white 
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coat,  somewhat  resembling  the  bloom  which 
occurs  on  fruit,  and  which  can  generally  be  wiped 
off  with  ease,  in  cases  where  the  lead  is  entering 
into  solution,  or  where  slightly  soluble  solid  basic 
salt  has  been  produced.  When  a drop  of  dilute 
sulphuric  acid  is  dropped  on  to  a piece  of  lead  with 
this  fur  or  bloom  upon  it,  a slight  but  decided 
nitrous  odour  can  be  detected  when  the  lead  is 
raised  to  the  nose.  Drops  of  solution  of  iodide  of 
potassium  and  starch  being  now  also  dropped  upon 
the  lead,  the  blue  coloration  is  very  plainly  deve- 
loped. The  lead  removed  from  the  jars  where  oxy- 
liydrate  was  being  produced  by  action  of  distilled 
water  gave  these  signs  of  nitrite  at  its  surface.* 
The  nitrous  odour  obtained  does  away  with  any 
doubt  as  to  the  possibility  of  the  iodine  in  the  test 
being  set  free  by  another  means.  Next  the  white 
compound  itself,  which  we  have  called  oxyhydrate, 
effervesces  slightly  when  sulphuric  acid  is  added  to 
it,  and  sometimes  the  nitrous  odour  can  be  detected 
in  the  gases  evolved.  The  effervescence  is  due  to 
evolution  of  one  or  more  of  the  oxides  of  nitrogen, 
together  with  carbonic  acid  gas,  because  what 

* When  ordinary  sulphuric  acid  is  dropped  upon  perfectly  clean 
lead  some  evidence  of  nitrite  can  generally  afterwards  be  detected, 
it  being  derived  from  nitric  acid,  contained  as  an  impurity  in  the 
sulphuric  acid.  Cognizance  was  taken  of  this,  and  allowance  made 
in  the  experiment  with  lead  removed  from  distilled  water. 
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little  carbonic  acid  gas  was  originally  contained 
in  the  water,  free  or  combined,  may  now  be  ex- 
pected to  exist  in  combination  with  oxide  of  lead 
as  basic  carbonate.  When  the  oxykydrate  is  ex- 
posed to  the  air  in  a moist  state  more  C02  is 
rapily  absorbed,  and  the  effervescence,  on  adding 
an  acid,  thereby  increased.  With  sulphuric  acid 
starch  and  iodide  of  potassium,  the  “ oxy hydrate  ” 
gives  the  reaction  of  nitrite.  This  is  more  plainly 
obtained  here,  as  also  at  the  surface  of  the  lead, 
with  sulphuric  acid  than  with  acetic  acid,  owing 
to  yellow  iodide  of  lead  being  formed  with  the 
latter  acid,  which  rather  mars  the  result.  A dirty 
green  colour,  however,  is  obtained  when  acetic 
acid  is  used. 

Now,  supposing  the  water  to  contain  a minute 
quantity  of  nitrate  of  ammonia  to  begin  with. 
The  lead  reduces  this  to  nitrite,  and  hydrate  of 
lead  is  formed.  This  hydrate  of  lead  at  once 
decomposes  the  nitrite  of  ammonia,  and  nitrite  of 
lead  and  hydrate  of  ammonia  exist  in  the  solution 
(see  Experiment  I.,  where  odour  of  ammonia  was 
developed  in  the  loosely  covered  jar).  Further 
action,  we  may  suppose,  is  between  the  lead  and 
the  lead  nitrite,  the  hitter  being  continually 
oxidized  into  nitrate  by  oxygen  absorbed  from  the 
air,  and  reduced  again  to  nitrite  at  the  surface  of 
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the  lead.  Or  the  deoxidation  may  go  a siep 
further,  and  the  nitrite  become  reduced  to  hypo- 
nitrite,  and  further  action  be  due  to  the  con- 
tinual oxidation  of  hyponitrite  to  nitrite,  and 
reduction  back  to  hyponitrite,  which  never  again 
reaches  the  state  of  nitrate  until  the  water  be 
used  up.  One  other,  and  probably  the  most 
likely  alternative,  is  that  the  nitrogen  exists  in 
several,  let  us  say  three,  conditions  of  oxidation 
at  one  and  the  same  time.  That  the  lead  has 
power  not  only  of  reducing  nitrate  to  nitrite,  but 
of  further  reducing  the  nitrite,  admits  of  proof,  as 
in  the  following  experiment.  In  Experiment  X., 
in  which  the  air  was  excluded  by  paraffin,  it  had 
been  noticed  that  when  the  paraffin  was  removed 
and  the  water  tested  for  nitrite  the  colour  was  a 
long  time  appearing. 


Experiment  XXII.— A distilled  water  that  acted 
strongly  had  lead  placed  in  it,  and  was  then  covered  with 
paraffin,  as  in  Experiment  X. 

After  three  or  four  days,  when  the  action  had  some  time 
come  to  an  end,  the  paraffin  was  removed,  the  lead  taken  out, 
and  the  water  divided  into  two  equal  portions.  Starch,  iodide 
of  potassium  and  sulphuric  acid  being  added  equally  to  each, 
the  one  was  left  open  to  the  air,  the  other  was  immediately 
covered  and  protected  from  the  air,  by  pouring  on  its  surface 
olive  oil  to  a depth  of  half-an-inch.  After  some  hours  the 
violet  colour  gradually  appeared  in  the  water,  to  which  free 
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admission  of  air  was  given,  but  no  colour  had  developed  in  the 
water  covered  with  oil  after  many  days. 

Thus  when  the  supply  of  air  is  cut  off,  lead  uses 
up  all  the  available  oxygen,  reducing  nitrate  to 
nitrite,  and  nitrite  to  a compound  oflower  oxida- 
tion. Through  the  medium  of  the  nitrogen  oxides, 
it  also  removes  all  the  free  oxygen  contained  in  the 
water. 

The  actual  quantity  of  nitrate  or  nitrite  required 
to  be  present  in  order  that  action  may  occur,  in 
the  absence  of  obstruction  in  the  shape  of  carbo- 
nate, etc.,  is  extremely  small. 

The  origin  of  the  nitrogen  oxides  in  distilled 
waters  may  be  sought  in  the  decomposition  of 
the  organic  material  which  such  waters  invari- 
ably contain.  If  a water,  immediately  after  dis- 
tillation, is  found  to  have  an  action  on  lead  with 
production  of  oxyhydrate,  the  action  may  be  due 
to  a trace  of  nitrate  of  ammonia,  which  either 
had  existence  in  the  water  previous  to  distillation, 
or  was  produced  upon  boiling  it.  Stale  distilled 
waters,  in  which  a deposit  of  flocculent  matter  has 
occurred,  generally  exhibit  the  strongest  power  of 
action.  They  may,  however,  contain  obstruction 
which  has  to  be  removed  with  repeated  change  of 
lead  before  any  considerable  continuous  action 
can  take  place.  A distilled  water  which  on  one 
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day  is  active,  may  liave  lost  its  power — that  is, 
have  developed  obstruction — a week  later.  On 
the  other  hand,  a distilled  water  which  at  first 
exhibits  slight  action  or  none  may,  within  a few 
hours,  have  acquired  the  requisite  power  for  the 
rapid  production  of  oxyhydrate  of  lead.  The 
influences  of  light,  heat,  exposure  to  air,  etc., 
which  cause  these  differences,  have  yet  to  be 
studied,  as  well  as  the  influence  of  the  micro- 
organisms, which  undoubtedly  occur  in  stale  dis- 
tilled waters  in  very  considerable  number  and 
variety.  It  is  not  difficult  to  form  theories  upon 
the  matter  in  absence  of  positive  proofs.  To 
suppose  that  one  variety  of  organism,  say  a 
bacillus,  causes  the  breaking  down  of  the  organic 
matter  as  it  occurs  in  the  first  place,  and  that 
carbonate  of  ammonia  is  one  of  the  products.  In 
connection  with  our  subject,  let  us  call  this  the 
obstructive  process.  Another  organism,  say  a 
micrococcus  or  an  oldium,  causes  the  oxidation  of 
the  carbonate  of  ammonia,  producing  the  cause 
of  the  action  of  water  on  lead,  at  the  same  time 
destroying  the  obstruction.  What  the  composi- 
tion of  all  the  products  of  oxidation  may  be  is 
but  a matter  of  conjecture.  That  the  change 
from  carbonate  to  nitrite  of  ammonia  takes  place 
at  one  leap  does  not  commend  itself  as  likely,  and 
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there  may  be,  and  probably  are,  products  of  inter- 
mediate constitution,  compounds  containing  nitric 
oxide  and  nitric  peroxide,  not  in  combination  as 
acid  radicles,  but  rather  as  substitution  molecules, 
which  readily  part  with  an  atom  of  oxygen  to  lead, 
and  acquire  a fresh  atom  from  the  air.  Such 
compounds,  if  they  exist,  must  be  included  in  the 
oxidized  nitrogen  to  which  the  action  of  water  on 
lead  is  due. 

The  whole  process  of  nitrification  requires  further 
study  and  elucidation. 

The  next  experiment  is  very  suggestive  of  bac- 
terial influence.  A rough  cultivation  of  the  bac- 
teria in  a drop  of  one  of  the  distilled  waters  which 
acted  strongly  on  lead  was  made  in  nutrient 
gelatine,  and  used  as  below. 

Experiment  XXIII. — A freshly-distilled  water  that 
acted  slightly  and  slowly  on  lead,  with  production  of  oxyhy- 
drate,  had  added  to  it  one  drop  of  the  liquefied  gelatin  e of  the 
above  cultivation.  It  was  then  placed  in  a water  bath,  and 
kept  at  a temperature  of  105°  F.  for  24  hours. 

The  first  effect  of  adding  the  drop  of  liquefied  gelatine  was 
greatly  to  increase  the  “free  ammonia”  in  the  water,  but 
neither  the  water  nor  the  liquefaction  of  the  bacterial  cultiva- 
tion itself  gave  evidence  of  containing  nitrite;  neither  did  the 
liquefied  gelatine  contain  any  appreciable  nitrate. 

After  the  water  had  been  heated  four  hours  it  was  tested  for 
nitrite,  which  was  present  in  it. 

After  12  hours  no  nitrite  could  be  discovered. 
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After  24  liours  uo  reaction  for  the  nitrite  was  obtained.  The 
nitrate  in  the  water,  as  tested  for  by  brucine  and  sulphuric 
acid,  was  markedly 'increased.  The  “free  ammonia”  was 
diminished. 

The  water  was  now  allowed  to  get  cold,  and  lead  was  placed 
in  it  in  the  manner  before  described. 

Experiment  XXIV.-— The  same  water  as  in  Experiment 
XXIII.,  with  one  drop  of  the  same  liquefied  nutrient  gelatine 
added,  and  lead  immediately  put  in  without  any  previous 
warming. 

In  Experiment  XXII I.  the  production  of  solid  lead-salt  was 
apparently  faster  from  the  first  than  in  Experiment  XXIV.  In 
both  the  experiments  the  product  was  similar  to  that  obtained 
when  nitrate  of  ammonia  is  added  to  water,  the  crystals  being 
fine  and  distinct,  but  at  the  end  of  72  hours  in  Experiment 
XXIII.  the  crystals  were  becoming  more  aggregated,  and 
similar  to  those  that  occur  in  the  case  of  an  ordinary  strongly- 
acting  distilled  water. 

At  the  end  of  72  hours  the  lead  was  withdrawn  from  both 
waters,  the  solid  lead-salt  dissolved  in  HC1  and  estimated,  when 
it  was  found  that  the  lead  dissolved  amounted  to  one  grain  in 
the  5oz.  in  Experiment  XXIII.,  and  to  half  a grain  in  the  5oz.  of 
Experiment  XXIV.,  the  previous  heating  at  105°  P.  for  24 
hours  having  doubled  the  power  for  action  of  the  water  on  lead 
in  Experiment  XXIII. 

The  next  three  experiments  are  given  as  having 
a little  special  interest,  and  as  being  corroborative 
of  the  fact  that  the  non-action  of  a distilled  water 
is  due  to  the  presence  of  an  alkaline  “ obstruc- 
tion/’ which  may  be  carbonate  of  ammonia. 

Experiments  XXV.,  XXVI.,  XXVII—  In  Experi- 
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ment  XXV.  the  water  was  a distilled  water  with  an  alkaline 
reaction,  whose  power  of  acting  on  lead  was  previously  un- 
known. 

In  Experiment  XXVI.  the  water  was  the  same  as  in  Experi- 
ment XXV.,  but  to  it  was  added  six  drops  of  a rather  strong 
solution  of  perchloride  of  mercury  in  spirit  and  water.  The 
water  was  made  acid  by  the  perchloride. 

The  result  of  Experiment  XXV.  was  a slight  patchy  action, 
the  inside  of  the  tubes  of  lead  being  particularly  affected.  It 
was  evident  the  water  contained  “ obstruction.” 

In  Experiment  XXVI.  a considerable  continuous  action 
occurred,  with  production  of  solid  lead-salt,  closely  simulating 
or  identical  with  that  of  a distilled  water  that  acted  of  its  own 
accord. 

Here  we  see  perchloride  of  mercury,  which,  by 
the  way,  was  added  with  cpiite  a different  object, 
setting  up  a great  action  in  a water  that  other- 
wise would  have  acted  very  slightly.  The  explana- 
tion, no  doubt,  is  that  the  obstruction  was 
removed  by  the  mercury  persalt.  We  saw  that 
the  water  was  made  acid  by  it,  so  that  there  was 
an  excess  of  the  perchloride,  which  latter  has 
naturally  an  acid  reaction. 

Experiment  XXVII. — The  same  water  as  in  the  last 
two  experiments  was  boiled  in  a glass  flask  one  minute.  Its 
alkalinity  was  by  this  means  increased.  Lead  was  then  put  into 
it,  but  after  21  hours  no  solid  oxyhydrate  had  been  produced' 
Ten  drops  of  the  solution  of  Hg  CI2  were  added,  but  the  reaction 
of  the  water  remained  just  alkaline,  and  there  was  but  an 
insignificant  patchy  action  on  the  lead  after  many  hours. 
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This  last  experiment,  however,  is  scarcely  com- 
parable with  Experiment  XXVI.,  because  the  lead 
was  put  iu  the  water  24  hours  before  the  per- 
chloride,  and  had  consequently  become  coated  with 
carbonate  of  lead,  a fact  which  it  was  not  in  the 
power  of  the  perchloride  to  undo,  especially  as 
not  enough  had  been  added  to  the  water  to  give  it 
an  acid  reaction.  Possibly  if  more  perchloride 
had  been  added  the  coat  of  insoluble  salt,  with 
which  the  lead  was  covered,  might  have  been  dis- 
solved off.  The  next  experiment  proves  that  the 
coat  or  film  by  which  the  lead  is  protected  in  the 
case  of  a hard  water  can  be  dissolved  off  by  a 
small  amount  of  nitric  acid  in  a distilled  water, 
and  the  usual  action  with  production  of  oxyhydrate 
will  follow. 

Experiment  XXVIII. — Pieces  of  clean  lead  were  placed 
in  a dish  and  partly  covered  with  a rather  hard  tap  water  (New 
River).  The  lead  was  occasionally  turned  about  in  the  water, 
and  thus  being  exposed  alternately  to  wTater  and  air  was  soon 
covered  with  a thin  dark  fdm  which  showed  a coppery  iridescence 
after  being  allowed  to  dry  in  the  air.  A distilled  water,  which 
acted  strongly  on  lead,  being  placed  in  a jar  as  before,  this  lead 
was  dropped  into  it. 

After  24  hours  the  lead  was  unaffected.  There  was  no  pro- 
duction of  oxyhydrate,  and  no  lead  in  solution. 

Nitric  acid  was  now  carefully  added  until  just  appreciable  to 
litmus  paper. 
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After  48  hours  there  was  no  apparent  action,  but  the  water 
contained  much  lead  in  solution.  Water  still  faintly  acid. 

After  72  hours  the  water  was  alkaline,  and  the  production  of 
solid  white  lead-salt  had  begun,  the  lead  and  the  bottom  of  the 
vessel  being  partly  covered  with  it. 

After  144  hours  the  action  was  proceeding,  and  the  crystals 
of  solid  lead-salt  were  much  increased.  There  was  considerable 
scum  on  the  surface  of  the  water. 

Before  proceeding  to  study  further  the  effect  of 
adding  certain  acids  and  salts  to  a distilled  water 
that  already  acts  on  lead  with  production  of 
crystalline  oxyhydrate,  with  intent  to  discover 
any  modification  in  the  action  that  may  be  caused 
by  such  addition  of  acids  and  salts,  it  will  be 
profitable  to  make  a preliminary  examination  of 
the  oxyhydrate  itself.  The  production  of  a crystal- 
line oxyhydrate  of  lead  by  action  of  water  on 
lead  has  a long  time  been  recognized,  as  reference 
to  the  text  books  will  show.  The  relative  pro- 
portions of  hydrate  to  oxide  may  perhaps  vary 
according  to  circumstances,  and  the  formula  PbO, 
Pb2HO  may  not  always  repi’esent  the  compound 
formed.  This,  however,  is  not  very  material.  It 
is  enough  to  know  that  the  action  results  in  the 
formation  of  oxide  of  lead,  a portion  of  which  is 
combined  with  the  element  of  water  in  the  form 
of  hydrate.  It  is  convenient  for  our  present 
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purpose  to  speak  of  the  compound  as  oxyhydrate 
simply,  but  wlien  an  alkaline  base,  suck  as  tliis 
oxyhydrate  of  lead,  is  placed  in  a solution  con- 
taining other  salts,  there  is  always  a transference 
of  a certain  portion  of  the  acid  radicles  present  to 
the  base,  whatever  were  the  bases  with  which 
they  were  previously  combined.  In  the  experi- 
ments ali’eady  set  down,  it  is  quite  apparent  that 
other  salts  of  lead,  besides  simple  oxyhydrate,  are 
produced  even  in  distilled  water  by  combination 
of  a portion  of  the  acid  radicles  present  in  the 
ammonia  salts  with  the  basic  lead-salt  as  it  is 
formed.  Carbonic  acid  gas,  whether  existing  as 
carbonate  of  ammonia  or  as  free  carbonic  acid, 
will  be  always  appropriated  in  like  manner  with 
production  of  basic  carbonate  of  lead. 

The  oxyhydrate,  removed  by  a pipette  from  the 
jar  in  which  it  has  been  produced  by  the  action  of 
distilled  water  on  lead,  is  seen  to  be  composed  of 
very  small  colourless  crystals,  which  show  a 
tendency  to  cling  together  and  form  masses. 
These  crystals  are  only  slightly  soluble  in  distilled 
water,  the  solubility  varying,  according  to  the 
author’s  experience,  from  to  ^ of  a grain  per 
gallon  in  different  distilled  waters.  That  is  to 
say,  that  when  distilled  water  which  has  been 
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some  time  in  contact  with  the  oxyhydrate  is  run 
through  filter  paper,  the  filtrate  does  not  contain 
more  than  this  quantity  of  lead.  But  if  the 
supernatant  and  apparently  clear  water  he  re- 
moved from  one  of  the  jars  in  Avhich  the  oxyhy- 
drate is  being  formed,  rendered  acid  and  tested 
with  H2  S,  generally  more  lead  will  be  found  in 
it,  due  to  the  small  crystals  that  were  held  in 
suspension.  When  the  crystals  are  shaken  with 
distilled  water  not  more  than  the  quantity  men- 
tioned actually  enters  into  solution,  but  the 
reprecipitation  of  the  whole  of  the  lead-salt  takes 
place  rather  tardily,  the  suspended  crystals  giving 
a glistening  appearance  to  the  water  for  some 
time.  When  the  oxyhydrate  is  boiled  with  dis- 
tilled water,  not  a greater,  but  a decidedly  smaller 
quantity  is  afterwards  found  in  solution.  A water 
■which  will  dissolve  grain  per  gallon  in  the 
cold  may  not  contain  more  than  grain  per 
gallon  when  boiled  and  allowed  to  cool  before 
filtration.  This  difference  must  he  due  to  the 
existence  of  a basic  salt  of  lead,  perhaps  basic 
nitrite,  which  is  more  soluble  in  cold  water  than 
the  main  portion  of  the  oxyhydrate,  and  which  is 
either  decomposed  or  altered  upon  boiling  along 
with  an  excess  of  oxyhydrate.  The  crystals  are 
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dissolved  with  slight  effervescence  on  addition  of 
excess  of  hydrochloric  nitric  or  acetic  achls.  With 
sulphuric  acid,  sulphate  of  lead  is  formed.  The 
gas  evolved  has  generally  a nitrous  odour,  but 
this  cannot  always  he  detected  on  account  of  the 
very  small  quantity  given  off.  The  compound 
always  gives  a blue  reaction  with  starch,  iodide 
of  potassium,  and  acid ; more  clearly  got  with 
sulphuric  than  acetic  acid  owing  to  the  formation 
of  yellow  iodide  of  lead  with  the  latter  acid. 
When  thrown  upon  a filter  and  repeatedly  washed 
with  distilled  water  it  at  length  ceases  to  give  the 
blue  reaction,  but  gives  more  effervescence,  due  to 
absorbed  C02.  The  idea  expressed  above,  that  a 
basic  nitrite  forms  a portion  of  the  compound,  and 
that  this  is  the  portion  which  is  slightly  soluble, 
here  finds  corroboration.  It  may  be  nitrite  or 
hyponitrite,  according  to  circumstances,  or,  rather, 
be  a basic  compound  of  lead  containing  either  NO 
or  N02 — after  exposure  to  air  always  the  latter. 
The  oxyhydrate  is  freely  soluble  in  pure  caustic 
soda  solution  and  in  common  lime-water ; less  so 
in  ordinary  solution  of  ammonia  or  in  liquor 
potassm.  Ammonia-salts  being  present  in  the 
water,  its  solubility  is  increased,  and  nitrate  of 
ammonia  is  more  potent  to  dissolve  it  than 
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chloride.  When  shaken  with  solution  of  chloride 
of  ammonia,  the  odour  of  free  ammonia  is  detected 
in  the  mixture.  Shaken  with  solution  of  sulphate 
of  magnesia,  the  appearance  of  the  precipitate 
becomes  slightly  altered,  probably  due  to  forma- 
tion of  a little  sulphate  of  lead.  In  solution  of 
ferrous  sulphate  it  causes  a yellow  precipitate  of 
oxide  of  iron,  which  increases  much  on  the  mixture 
being  allowed  to  stand  an  hour  or  two.  With 
solution  of  ferric  chloride  a large  yellow  pre- 
cipitate is  immediately  obtained,  and  in  both 
cases  much  lead  is  dissolved.  When  carbonic  acid 
gas  is  passed  into  water  containing  the  crystals, 
and  the  water  is  immediately  run  through  a filter 
paper,  much  dissolved  lead  is  found  in  the 
filtrate. 

In  the  following  table  the  amount  of  lead 
which  entered  into  solution  when  the  oxyhydrate 
obtained  from  a distilled  water  action  was  placed 
in  solution  of  various  salts  is  set  forth.  One  ounce 
of  the  solution  of  each  salt,  or  salts,  was  put  into 
an  ounce-and-a-half  phial  and  an  indefinite  hut 
excessive  quantity  of  the  oxyhydrate  was  added. 
The  mixtures  having  been  allowed  to  stand,  with 
occasional  and  equal  agitation,  for  36  hours,  were 
filtered  through  paper  and  the  lead  estimated  in 
the  filtrate. 
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Table  showing  rate  of  solution  of  lead-oxyliydrate  in  distilled 
water  containing  various  salts  dissolved  in  it,  and  in  certain 
other  waters,  the  lead-salt  being  exposed  to  the  action  of  the 
waters  for  36  hours. 


No. 

Description  of  Water. 

Lead  found  in  the 
Filtered  Solution. 

1 

Distilled  water  alone,  cold  

^4^.  grains  per  gallon 

Distilled  water  containing— 

2 

1 part  in  1,000,000  nitrate  of  ammoni  i 

A 

i» 

it 

3 

1 grain  in  gallon  carbonate  of  ammonia  ... 

tV 

>i 

a 

4 

1 

„ chloride  of  ammonia  ... 

TU 

if 

a 

B 

3 „ 

» »>  i> 

l 

Z 

i» 

tt 

6 

1 „ 

„ chloride  of  sodium  

T5 

•• 

ii 

7 

3 „ 

If  >1  If 

T 

ii 

8 

2 „ 

,,  bicarbonate  of  sodium... 

1 

Z 

ii 

ii 

9 

2 „ 

„ nitrate  of  potassium 

iz 

- 

ii 

10 

2 

„ sulphate  of  magnesium 

TU 

it 

■■ 

11 

2 

„ sulphate  of  iron  

3 

4 

„ 

tt 

12* 

0-8  „ 

„ sulphate  of  calcium  ...  ^ 

0-6  „ 

„ sulphate  of  magnesium  j. 

l 

0-8  „ 

„ chloride  of  sodium j 

0-2  „ 

„ nitrate  of  potassium  ...j 

13 

New  River  water  alone  

it 

it 

14 

Huddersfield 

water  as  supplied  lo  Mirfield, 

Yorks... 

l 

it 

tt 

Huddersfield 

water  as  supplied  to  Mirfield 

Yorks,  after  ten  days  

1 

15 

Boiling  distilled  water 

t 

1 

ZTJT5  ” " 

or  a small  trace. 

0f,  wln<?  in  a soft  water  collected  from  a brook  at 

Holmfirth,  by  YVanklyn  ( ‘Wanklyn  s Water  Analysis,”  pp.  14(5;. 
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On  shaking  the  oxyhydrate  with  the  water 
which  contained  carbonate,  i.e.,  Nos.  3,  8,  and  13, 
the  appearance  of  the  undissolved  remnant  of 
lead-salt  was  altered.  The  crystals  became  more 
silky  or  micaceous  in  appearance  when  shaken  up 
in  the  water.  Precisely  the  same  thing  occurred 
with  Mirfield  water. 

By  the  foregoing  we  learn  that  most  of  the  salts 
which  commonly  occur  in  natural  waters  possess 
considerable  power  of  causing  a portion  of  the 
oxyhydrate  of  lead  to  enter  into  solution.  This 
we  may  suppose  to  be  due  to  the  formation  of 
various  salts  of  lead,  double  decompositions 
taking  place  between  the  hydrate  of  lead  and  the 
ammonia-salts,  calcium-salts,  etc.,  that  are  pre- 
sent. The  compounds  of  lead  thus  formed  at  the 
expense  of  a portion  of  the  acid  radicles  of  the 
other  salts  present,  sulphates,  nitrates,  etc.,  being 
more  soluble  than  oxyhydrate  of  lead  itself.  The 
degree  of  basicity  of  the  salts  of  lead  formed 
depends  upon  the  relative  quantities  of  lead  oxy- 
hydrate and  other  salts  present,  and  also  upon 
the  length  of  time  allowed  for  them  to  act  upon 
each  other.  As  the  probability  is  that  the  more 
basic  the  compound  the  less  soluble  it  will  be,  it 
may  happen  that  where  a water  is  acting  on  lead 
with  continuous  production  of  oxyhydrate,  more 
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lead  will  be  found  actually  dissolved  during  the 
first  few  hours  of  the  action  than  later  on.  It 
was  found,  for  instance,  that  Mirfield  water  left 
in  contact  with  excess  of  oxyhydrate  for  more 
than  a week  did  not  contain  dissolved  more  than 
a quarter  as  much  as  it  did  after  36  hours  only. 
The  explanation  is  that  the  acid  in  Mirfield  water 
dissolved  the  oxyhydrate,  first  forming  a neutral 
salt,  or  a salt  of  low  basicity,  freely  soluble  in 
water ; hut  this  salt  being  left  in  contact  with  the 
excess  of  oxyhydrate,  the  ultimate  result  was  a 
salt  of  much  higher  basicity  much  less  soluble 
in  water.  In  experiments  which  follow,  we  shall 
obtain  frequent  exemplification  of  the  same  thing, 
and  prove  that  a continuous  oxidation  of  the  lead, 
going  on  in  waters  that  were  at  first  acid, 
leads  to  a deposition  of  the  lead  that  was  at  first 
dissolved,  and  from  containing  much  lead  in  solu- 
tion such  water  may,  within  a few  hours,  come  to 
contain  very  little  lead  in  solution.  The  basic 
compounds  of  lead  which  are  likewise  produced  by 
appropriation  of  a portion  of  the  acid  radicles 
previously  combined  with  other  bases  in  a water, 
when  such  water  acts  on  lead  with  continuous  pro- 
duction of  oxyhydrate,  will  vary  in  basicity  and  in 
solubility,  probably  arriving  at  last  at  an  ultimate 
basicity  and  a constant  solubility.  Strict  regard 
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must  be  had  to  this  liability  to  change  in  solubility 
of  the  lead-salts  produced  in  any  experiment  to 
determine  the  power  of  a water  to  take  up  lead. 
Up  to  a certain  point  there  will  always  be  an  in- 
crease in  the  quantity  of  lead  dissolved,  and  beyond 
that  a diminution.  The  fractions  of  a grain  per 
gallon  discovered  in  solution  in  the  various  waters 
of  the  preceding  table  may  not  represent  the 
highest  amounts  that  those  waters  can  in  any  time 
dissolve.  They  represent  only  the  amounts  which 
were  in  solution  at  the  end  of  36  hours  respec- 
tively. 

Experiments  XXIX.,  XXX.,  XXXI.,  XXXII., 
XXXIII.,  XXXIV. — In  these  experiments  a distilled  water 
which  acted  on  lead  with  production  of  oxyhydrate  was  used,  a 
portion  of  the  same  water  being  used  in  each  case.  The  original 
reaction  of  the  water  was  as  nearly  neutral  to  litmus  and 
cochineal  as  possible.  Five  ounces  of  water  in  a glass  jar  were 
used  as  before,  the  cleaned  lead  being  put  in  after  the  addition 
to  the  water  of  the  various  acids  as  below. 

Experiment  XXIX.  was  made  with  the  distilled  water  alone. 

Experiment  XXX. — The  distilled  water,  with  sulphuric  acid 
added  in  the  proportion  of  1 grain  II.,S04  per  gallon. 

Experiment  XXXI. — The  distilled  water,  with  1 grain  HN Os 
per  gallon. 

Experiment  XXXII. — The  distilled  water,  with  10  grains 
HN  O3  per  gallon. 

Experiment  XXXIII. — The  distilled  water,  with  1 grain  HC1 
per  gallon. 
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Experiment  XXXIY. — The  distilled  water,  with  1 grain 
HC2  H3  O2  per  gallon. 

After  addition  of  the  acid  the  water  had,  in  each  case,  a 
decided  acidity.  In  each  case  the  amount  of  lead  in  solution 
was  estimated  by  filtering  a portion  of  the  water.  The  amount 
of  solid  lead-salt  produced  was  also  estimated  coloriraetrically 
with  II..S,  the  leadbeing  first  removed  from  the  water  and  the 
undissolved  precipitate  dissolved  with  a few  drops  of  HC1.  In 
each  case  the  solid  lead-salt  was  readily  dissolved  by  w'eak  HC1. 
The  result  is  given  in  the  table  on  preceding  page. 

A.t  the  end  of  the  84  hours  the  waters  which 
had  been  made  acid  to  begin  with  were  all 
decidedly  alkaline  in  reaction,  the  acid  in  every 
jar  having  been  more  than  neutralized  by  the 
oxyhydrate  produced.  The  lead  when  removed 
from  either  jar,  and  allowed  to  dry  in  the  air,  was 
seen  to  be  covered  with  a white  bloom  or  fur. 
What  had  happened  was  this  : — The  water  had 
power  in  the  first  instance  to  produce  oxyhydrate. 
This  was  dissolved  as  fast  as  produced  by  the  acid 
in  the  water,  until  the  acid  was  more  than 
neutralized.  The  salt  of  lead,  which  as  a neutral 
or  slightly  basic  salt  was  dissolved  in  the  water, 
was  precipitated  on  becoming  more  basic,  and 
formed  tbe  deposit  on  the  bottom  of  the  jar  of 
solid  lead  compound,  and  the  bloom  upon  the 
lead.  In  covering  the  lead  it  stopped  or  retailed 
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further  action,  for  the  supernatant  water  was  a 
saturated  solution  of  the  same  salt  as  that  which 
covered  the  lead,  and  could  never  take  up  more, 
and  so  free  the  surface  of  the  lead  to  the  action  of 
the  water.  In  the  case  of  the  distilled  water 
alone,  the  surface  of  the  lead  is  not  clogged  in 
this  way,  because  the  product,  which  is  in  the 
condition  of  crystals  of  considerable  size,  has  the 
natural  propensity  of  falling  off  the  surface  of  the 
lead  as  it  is  produced,  and  thus  leaves  the  lead 
clean  for  further  action.  In  the  case  of  the  water 
which  contained  so  much  as  10  grains  HN03  per 
gallon,  we  should  have  had  further  deposit  had 
more  time  been  allowed.  It  appears  that  with 
equal  amounts  of  acids,  acetic  acid  and  hydro- 
chloric acid  lead  to  more  lead  being  retained  in 
solution  than  nitric  acid  and  sulphuric  acid.  This 
may  be  owing  to  the  compounds  of  final  basicity 
being  more  soluble  in  the  case  of  acetic  and  hydro- 
chloric than  in  the  case  of  nitric  and  sulphuric 
acids.  In  84  hours  we  see  the  total  amount  of 
lead-salt  produced  is  far  greatest  in  the  distilled 
water  to  which  no  acid  has  been  added.  The 
next  largest  amount  is  in  the  water  which  con- 
tained nitric  acid.  We  know  that  when  only  a 
trace  of  nitric  acid  is  present  the  production  of 
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solid  oxyliydrate  of  lead  is  not  stopped  (see  Ex- 
periment XXVIII.),  but  after  the  acid  has  become 
neutralized  it  proceeds  in  the  usual  manner. 
When  more  nitric  acid  is  present,  the  lead 
appears  to  be  at  first  coated  with  a thick  layer 
of  basic  nitrite,  of  very  limited  solubility,  and 
which  does  not  so  readily  fall  off  the  surface  of 
the  metal.  This  retards,  but  does  not  prevent 
further  oxidation.  In  the  course  of  time  the  lead 
must  be  oxidized,  oxygen  being  borne  into  the 
lead  by  repeated  oxidation  and  reduction  of  the 
nitrite,  and  as  time  goes  on  the  white  lead-salt  at 
the  bottom  of  the  vessel  will  be  increased  in  quan- 
tity, being  partly  derived  from  a portion  which 
falls  off  the  surface  of  the  lead,  and  partly  from  a 
further  portion  precipitated  from  solution. 

The  effect  of  the  continued  oxidation,  at  the 
surface  of  the  lead,  upon  the  lead  at  first  taken 
up  by  a water  to  which  nitric  acid  has  been 
added,  is  seen  in  the  next  experiment,  where  it 
will  be  noticed  that  up  to  a certain  point  the 
solution  becomes  stronger  in  lead  dissolved,  and 
afterward  when  the  water  has  become  alkaline, 
and  solid  lead-salt  is  being  produced  at  the 
bottom  of  the  vessel,  the  solution  becomes  weaker, 
the  basicity  of  the  lead-salt  in  solution  having 
become  greater  and  its  solubility  less. 
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Experiment  XXXV. — A distilled  water  of  faintly 
alkaline  reaction  was  made  acid  by  adding  to  it  nitric  acid  in 
the  proportion  of  one  grain  HN03  per  gallon. 

After  one  hour  the  water  remained  clear  and  acid.  A portion 
removed  with  a pipette  and  filtered,  contained  -5  grain  per 
gallon  of  lead. 

After  six  hours  the  water  was  still  clear,  and  no  deposit  on 
the  bottom  of  the  jar  had  occurred.  The  filtered  water  con- 
tained | grain  of  lead  per  gallon. 

After  18  hours  the  water  was  quite  alkaline,  and  probably 
had  been  so  for  some  few  hours.  Deposition  of  solid  lead- 
salt  was  just  commencing,  the  water  having  a very  slight 
cloudiness. 

After  24  hours  the  now  alkaline  water  had  a decided  opales- 
cence, and  a very  little  deposit  was  seen  at  the  bottom  of  the 
jar.  A portion  of  the  water  removed,  and  run  through  filter 
paper,  was  found  to  contain  U grain  per  gallon  of  lead.  The 
water  after  being  thus  filtered  was  not  perfectly  clear. 

After  48  hours  the  bottom  of  the  jar  was  everywhere  covered 
with  a layer  of  white  lead  compound,  some  of  which  was  also 
adhering  to  the  sides  of  the  jar  and  to  the  lead.  The  water  had 
not  yet  cleared  itself,  but  had  a slight  degree  of  cloudiness,  and 
when  a portion  was  removed  with  a pipette  and  placed  in  a dry 
test  tube,  it  showed  when  shaken  round  and  held  up  to  the  light 
a quantity  of  very  fine  crystals'  of  lead  compound  held  in  sus- 
pension. These  would  be  overlooked,  unless  the  water  were 
examined  critically.  The  water  passed  once  through  filter  paper 
was  not  totally  cleared  of  these  fine  crystals.  The  filtered  water 
contained  J grain  per  gallon  of  lead. 

After  96  hours  the  water  was  clearer.  A portion  filtered  was 
found  to  contain  a quarter  grain  per  gallon  of  lead. 

After  144  hours  it  contained  a quarter  grain  per  gallon  of 
lead. 
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Table  showing  the  amount  of  lead  found  dissolved  in  a water 
made  acid  by  addition  of  one  grain  per  gallon  HNOs,  after 
the  lead  had  been  exposed  to  the  action  of  the  water  for  in- 
creasing periods  of  time. 


Length  of  time  exposed. 

Lead  found  dissolved  in  the  water 
after  filtration  through  paper. 

1 hour. 

^ grain  per  gallon. 

6 

J » »> 

24  „ 

H »»  »> 

48  „ 

i »»  »» 

96  „ 

i 

144  „ 

i .. 

There  is  another  acid  which  has  power  of  dis- 
solving lead  oxide,  and  which  often  gives  an 
acidity  to  waters  that  otherwise  would  be  neutral 
or  even  alkaline  to  a faint  degree,  and  which, 
therefore,  must  not  escape  consideration.  This  is 
carbonic  acid. 

The  effect  of  carbonic  acid  in  a water  that  has 
power  of  acting  on  lead  to  produce  oxyhydrate  is 
very  analogous  to  that  of  any  other  acid.  The 
first  portion  of  oxyhydrate  produced  is  dissolved 
by  it,  and  a considerable  fraction  of  a grain  per 
gallon  of  lead  may  exist  in  solution  as  acid 
carbonate.  Soon,  however,  the  production  of 
oxyhydrate  continuing,  the  carbonic  acid  is 
neutralized  and  more  than  neutralized,  and  a 
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basic  carbonate  of  lead  is  formed  which  is  in- 
soluble, and  thus  the  lead  which  was  at  first  dis- 
solved is  withdrawn  from  solution.  The  utmost 
amount  of  carbonic  acid  gas  that  water  can  hold 
in  solution  at  common  atmospheric  pressure  is 
about  its  own  volume,  and  a litre  of  C02  weighs 
about  two  grammes.  But  in  a general  way  the 
strength  of  the  solution  of  C02  in  natural  waters 
approaches  nowhere  near  the  saturation  point. 
Rain-water  is  said  to  contain  one  cubic  inch  of 
C02  per  gallon,  and,  according  to  Miller,  Thames 
water  at  Kingston  contains  30c.c.  per  litre.  We 
must  also  bear  in  mind  that  an  extra  molecule  of 
the  acid  will  always  be  required  to  form  the 
soluble  acid  carbonate,  and  remembering  these 
things  it  becomes  patent  that  no  very  large 
quantity  of  lead  is  likely  to  be  found  dissolved  in 
any  ordinary  natural  water  by  reason  of  the  car- 
bonic acid  that  it  may  contain.  The  basic  car- 
bonate ultimately  produced  in  such  a water,  not 
being  great  in  amount,  attaches  itself  chiefly  or 
wholly  to  the  surface  of  the  lead,  little  or  none 
being  found  at  the  bottom  of  the  vessel.  The 
bloom-like  covering  which  in  this  way  is  formed 
upon  the  lead  protects  the  lead  from  further 
action  of  the  water,  or  at  least  greatly  retards  the 
action.  It  closely  resembles  the  bloom  or  fur 
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which  covers  the  lead  exposed  to  water  contain- 
ing any  other  acid,  and  is  very  dissimilar  to  the 
thin,  closely-fitting  iridescent  film  that  covers  the 
lead  exposed  to  water  containing  any  alkaline 
carbonate. 

Experiment  XXXVI. — A distilled  water,  that  acted 
on  lead  with  production  of  oxyhydrate,  had  washed  carbonic 
acid  gas  passed  through  it  for  some  minutes  at  common 
atmospheric  pressure.  The  water,  which  now  had  a decided 
acidity  to  litmus,  was  placed  in  a jar  with  lead  as  before. 
From  time  to  time,  as  below,  water  was  removed  from  the  jar 
with  a pipette  and  run  through  filter  paper,  the  lead  in  solu- 
tion being  estimated  in  the  filtrate.  The  only  apparent 
effect  was  a darkening  of  the  lead,  there  being  no  production 
of  white  lead  salt.  At  the  end  of  the  experiment,  when  the 
lead  was  removed  and  allowed  to  dry  in  the  air,  it  was  seen 
to  he  covered  everywhere,  excepting  where  it  had  been  in 
contact  with  the  glass,  with  white  bloom,  which  it  was  not 
difficult  to  remove  with  a duster. 


Table  showing  amount  of  lead  dissolved  by  a distilled  water  which 
contained  carbonic  acid,  after  being  in  contact  with  the  lead 
for  increasing  lengths  of  time. 


Time  Exposed. 

Lead  in  Solution. 

3 hours 

-J-j  grain  per  gallon 

10  „ 

i if  if 

30 

TCTJ  » » 

48 

1 

TITS  )>  » 

90  „ 

T&15  a a 
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Having  now  studied  the  effect  of  adding  free 
acids  to  a distilled  water  that  acts  on  lead,  atten- 
tion may  be  turned  to  the  effect  of  adding  various 
salts  to  such  a water  previous  to  placing  the  water 
and  lead  in  contact  with  each  other.  In  experi- 
menting with  oxyhydrate  produced  by  action  of  a 
distilled  water,  we  have  already  ascertained  the 
fact  that  the  power  of  distilled  water  to  dissolve 
it  is  greatly  augmented  by  the  presence  of  various 
salts  in  solution,  so  that  we  are  prepared  to  find 
that  the  addition  of  such  salts  to  an  active  water 
causes  more  lead  to  enter  into  solution  when  the 
water  is  brought  into  contact  with  metallic  lead. 
Indeed,  we  have  already  found  it  to  be  the  case 
when  nitrate  of  ammonia  is  contained  in  the  water 
as  in  Experiment  XV.,  &e.  Likewise  we  have 
proved  that  the  addition  of  an  alkaline  carbonate 
to  an  active  water  causes  the  lead  to  be  rapidly 
covered  with  a protective  film  which  prevents 
further  action  of  the  water  upon  the  lead.  To 
find  some  salt  or  substance,  in  itself  innocuous, 
that  being  placed  in  water  shall  give  it  the  power 
of  covering  lead  with  a protective  coat  totally  in- 
soluble in  acid  or  alkaline  water,  is  up  to  this 
time  an  unsuccessful  quest. 

Experiments  XXXVII  to  XLIV. — In  these  ex- 
periments the  action  of  a distilled  water  alone  was  compared 
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with  the  action  of  the  same  water  when  made  to  contain  the 
various  salts  as  indicated  below.  The  exposure  of  the  lead  to 
the  action  of  the  water  was  continued  for  72  hours  with  one 
exception.  The  object  of  the  experiments  was  to  discover 
whether  the  respective  salts  added  to  the  waters  would  increase 
or  deter  the  action,  both  in  regard  to  the  production  of  solid 
lead-salt,  and  its  solution  in  the  water. 

Experiment  XXXVII.  was  distilled  water  alone  with  lead  as 
before. 

Experiment  XXXVIII. — The  same  water,  but  made  to  con- 
tain sulphate  of  calcium  in  the  proportion  of  five  grains  per 
gallon. 

Experiment  XXXIX. — The  same  water,  with  chloride  of 
sodium  in  the  proportion  of  five  grains  per  gallon. 

Experiment  XL.— The  same  water,  with  phosphate  of  sodium 
in  proportion  of  five  grains  per  gallon. 

Experiment  XLI.— The  same  water,  with  phosphate  of 
calcium  in  proportion  of  two  grains  per  gallon,  and  hydrochloric 
acid  in  the  proportion  of  one  grain  per  gallon. 

Experiment  XLII. — The  same  water,  made  to  contain  a fused 
mixture  sold  as  “ silicate  of  soda,”  and  which  contained  silicate 
and  excess  of  alkali.  The  proportion  added  being  one  grain 
per  gallon. 

Experiment  XLIII. — The  same  water,  containing  the  same 
amount  of  silicate  as  in  the  last  experiment,  but  the  water 
finally  made  acid  by  addition  of  three  drops  of  dilute  hydro- 
chloric acid  to  the  five  ounces  of  water. 

Experiment  XLIV. — The  same  water,  made  to  contain  an 
indefinite  but  large  amount  of  the  alkaline  silicate,  the  solution 
being  then  rendered  decidedly  acid  with  HC1. 

The  result  of  these  experiments  is  given  in  a 
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tabulated  form  upon  the  next  page.  One  thing 
demands  attention  particularly,  and  that  is  the 
development  of  the  odour  of  chlorine  in  the  waters 
which  contained  hydrochloric  acid  and  chloride  of 
sodium.  It  was  by  far  most  marked  in  those 
which  contained  the  free  acid,  but  was  also  very 
appreciable  at  the  surface  of  the  lead,  in  the 
waters  to  which  chloride  of  sodium  had  been 
added.  When  sulphuric  acid  was  dropped  on  to 
the  surface  of  the  lead  removed  from  these  par- 
ticular waters,  the  odour  of  chlorine  was  most 
marked.  The  nitrous  gas  may  also  have  been 
present,  but  if  so  its  odour  was  lost  in  that  of 
chlorine.  The  reaction  obtained  with  iodide  of 
potassium,  starch  and  sulphuric  acid  was  copious 
in  these  waters,  and  was  no  doubt  due  as  much  to 
chlorine  as  to  nitrite.  It  would  tbus  appear 
that  when  a water  acts  on  lead  in  the  presence 
of  hydrochloric  acid  or  chloride  of  sodium,  the 
compound  formed  is  not  altogether  a true  basic 
chloride.  The  chlorine,  or  at  least  a part  of  it, 
enters  into  combination  with  a portion  of  the 
oxygen  to  produce  an  oxide  of  chlorine,  which 
combines  with  the  lead  to  form  a hypochlorite. 
We  cannot  escape  the  inference  that  the  presence 
of  chlorides  in  a water,  and  particularly  of 


Table  showing  the  modifications  in  the  action  on  lead  of  a distilled  water, 

About  15  square  inches  of  lead-surface  exposed 


No. 

Water  used. 

Action  apparent  to  Eye. 

Appearance  of  lead  when 
removed  from  water 
and  dried. 

37 

Distilled  water  alone. 

A continuous  production  of 
solid  oxy hydrate  from  first 
to  last. 



38 

Distilled  water  containing 
5grainsper  gallon  Ca  S04. 
Reaction  alkaline. 

At  end  of  the  72  hours  the  bot- 
tom of  vessel  covered  with 
thin  layer  of  white  deposit. 

Lead  covered  with  a very 
thick  laj'er  of  white  fur. 

39 

Distilled  water  containing 
5 grains  per  gallon  Na  01. 

A continuous  production  of 
white  lead-salt  apparently 
identical  with  that  pro- 
duced from  distilled  water 
alone. 

Smelt  of  chlorine,  espe- 
cially when  Ha  So4 
was  dropped  on  to  it. 

40 

Distilled  water  containing  5 
grains  per  gallon  Naa 
HP04  crystals.  Reaction 
alkaline. 

At  end  of  72  hours  the  water 
was  slightly  opalescent, 
but  there  was  no  deposit 
worth  mentioning. 

Lead  covered  with  a dark 
very  iridescent  film. 

41 

Distilled  water  containing  2 
grains  per  gallon  Ca 2Pt)4 
1 grain  per  gallon  HC1.  Re- 
action acid. 

After  72  hours  a considerable 
amount  of  white  finely 
pulverulent  deposit  on  bot- 
tom of  jar. 

Lead  covered  with  white 
fur,  slightly  iridescent 
in  places.  It  smelt  of 
chlorine. 

42 

Distilled  water  containing  1 
grain  per  gallon  “ silicate 
of  soda.”  Reaction  alka- 
line. 

No  apparent  action. 

Lead  covered  with  thick 
white  fur. 

43 

Distilled  water  containing  1 
grain  per  gallon  “ silicate 
of  soda,”  made  decidedly 
acid  with  HC1. 

At  end  of  72  hours  there  was 
a thin  layer  of  deposit  on 
the  bottom  of  jar. 

Lead  appeared  patchy, 
with  white  furin'some 
places  and  thin  irides- 
cent film  in  others. 
There  was  least  of  this 
film  on  the  inner  sides 
of  the  pieces  of  lead 
tube. 

44 

Distilled  water  containing 
much  more  “silicate  of 
soda,”  and  much  more  acid 
than  in  last  experiment. 

No  apparent  action. 



caused  by  dissolving  certain  salts  in  the  water  previous  to  introduction  of  lead, 
to  action  of  five  ounces  of  water. 


Entire  lead  compound 
produced  estimated 
as  lead. 

Lead  actually  dis- 
solved. 

Duration  of 
Experiment. 

Remarks. 

28  grains  per  gallon. 

TWJ  grain  Per  gal- 

72  hours.  ; The  usual  action  of  a dis- 
tilled water. 

4 

^ it  »t 

72  hours. 

Presence  of  Ca  S04  retards 
process  of  oxidation,  but 
greatly  increases  the  rate 
of  solution  of  lead  in  the 
water. 

36  »>  it 

” ” 

72  hours. 

Presence  of  Na  Cl  increases 
solid  lead-salt  produced; 
also  causes  more  lead  to 
enter  into  solution.  Odour 
of  Cl  2 suggestive  of  hypo- 
chlorite. 

16  » »» 

72  hours. 

The  lead  was  in  great  mea- 
sure protected  by  a film  of 
phosphate,  which  covered 
it  in  alkaline  water. 

10 

*»  •> 

72  hours. 

The  phosphate  failed  to  pro- 
tect the  lead  in  the  slightly 
acid  water.  Some  time  be- 
fore end  of  experiment  the 
water  had  become  alkaline. 
The  acidified  water  gave  off 
odour  of  chlorine. 

i 

72  hours. 

Process  of  oxidation  in  great 
measure  prevented,  a result 
due  probably  more  to  car- 
bonate than  silicate  of 
soda  A considerable  frac- 
tion of  a grain  of  lead  in 
solution. 

9S  .. 

72  hours. 

The  lead  partly  protected  by 
patches  of  film  of  silicate. 
At  end  ot  examination  the 
water  was  alkaline,  had  an 
odour  of  chlorine,  and  gave 
a slight  reaction  with 
starch  and  KI  without  ad- 
dition of  acid.  On  adding 
acid  reaction  much  greater. 

oo  .. 

50 

24  hours. 

A large  amount  of  silica  in  a 
decidedly  acid  solution  does 
not  protect  the  lead. 
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hydrogen-chloride,  may  assist  in  the  oxidation  of 
the  lead  in  a manner  not  dissimilar  to  that  in 
which  the  oxides  of  nitrogen  assist  it. 

The  production  of  oxy hydrate  of  lead  by  dis- 
tilled water  is  affected  to  a considerable  degree  by 
differences  of  temperature.  The  following  ex- 
periments roughly  show  this. 

Experiments  XLV,  XLVI,  XLVII. — Those  ex- 
periments were  performed  simultaneously,  five  ounces  of 
water  and  two  pieces  of  lead  being  employed  as  usual. 

Experiment  XLY.  was  at  a common  summer-day  temperature, 
averaging  about  64°  F.  Action  was  soon  apparent,  and  after 
twenty-four  hours  the  action  had  proceeded  uninterruptedly 
with  continuous  production  of  oxyhydrate. 

Experiment  XLVI. — Another  portion  of  the  same  water  as 
in  Experiment  XLV.,  the  jar  being  placed  in  a water  bath,  the 
temperature  of  which  was  maintained  at  105°  F.  and  lead  added 
as  before. 

After  two  hours  there  appeared  to  have  been  fully  twice  as 
much  oxyhydrate  produced  as  in  Experiment  XLV.  in  the  same 
time. 

After  twenty-four  hours  the  apparent  amount  of  solid  lead 
compound  produced  was  far  greater  than  in  Experiment  XLV. 
in  the  same  time. 

Experiment  XLVII. — Another  portion  of  the  same  distilled 
water  as  iu  two  former  experiments,  the  jar  being  put  into  a 
water  bath,  the  temperature  of  which  was  maintained  at  212°  F., 
and  lead  added  as  before. 

After  five  hours  very  little  apparent  action,  only  a few  curdy 
floccula  having  been  produced,  the  lead-salt  produced  being  evi- 
dently far  less  in  amount  than  in  the  two  former  experiments  in 
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the  same  time.  On  account  of  the  evaporation  of  the  water  the 
experiment  had  now  to  be  stopped,  as  the  water  in  the  jar  was 
no  longer  deep  enough  to  cover  the  lead. 

Experiment  XLVIII.— A distilled  water  that  acted 
on  lead  with  production  of  oxyhydrate  was  placed  in  jar,  the 
jar  being  then  placed  in  the  hath  and  surrounded  with  ice.  The 
lead  was  then  put  into  the  water  as  before.  The  temperature 
of  the  water  from  the  melting  ice  averaged  34°  F. 

After  two  hours  a considerable  amount  of  white  lead-salt 
covered  the  bottom  of  the  jar,  and  rendered  the  water 
opalescent. 

After  twenty-four  hours  the  apparent  action  was  great  and 
continuing. 

In  Experiment  XLVIL,  where  the  water  in  the 
jar  was  exposed  to  a temperature  approaching 
that  of  boiling  water,  there  was  but  little  action. 
But  we  must  remember  the  fact  we  have  dis- 
covered in  former  experiments,  that  when  a 
distilled  water  is  raised  to  the  boiling  point  in  a 
glass  vessel,  its  alkalinity  is  increased,  an  “ ob- 
struction ” to  the  action  being  produced,  which 
covers  the  lead  with  an  insoluble  coat  and  thus 
prevents  further  production  of  oxyhydrate.  This 
is  no  doubt  what  happened  in  this  case.  More- 
over, the  heating  of  a water  to  212°  drives  out  the 
gases  from  the  water,  and  so  long  as  the  tempera- 
ture is  maintained,  any  considerable  absorption  of 
oxygen  from  the  air  is  impossible,  and  we  have 
proved  already  that  the  necessary  factor  in  the 
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ultimate  oxidation  of  the  lead  is  02  absorbed  from 
the  air.  Consequently,  when  the  lead  has  removed 
all  possible  oxygen  from  the  nitrate  and  nitrite  in 
the  water,  the  action  must  cease  of  necessity. 
Supposing  a supply  of  oxygen  remained  at  hand, 
even  then  in  most  instances  the  action  would 
be  stopped  by  the  “ obstruction  ” produced  on 
boiling,  which  lias  the  shape  of  carbonate  pre- 
sumably. 

The  experiment  at  the  lowest  temperature  could 
not  be  compared  with  the  other  three  experiments, 
because  it  was  done  with  another  distilled  water 
at  another  time.  From  it  we  simply  learn  that  a 
reduction  of  the  temperature  to  near  the  freezing 
point  by  no  means  stops  the  oxidation  of  the  lead. 
In  future  experiments  we  return  again  to  this 
subject  of  effect  of  temperature. 

We  here  bring  to  an  end  our  study  of  the  action 
of  distilled  water  on  lead,  and  will  now  proceed 
to  the  study  of  the  action  exhibited  by  some  other 
waters.  It  will,  however,  be  plain  that  in  our 
previous  experiments,  having  modified  our  dis- 
tilled water  by  dissolving  in  it  various  salts  and 
acids,  we  have  in  chief  measure  given  it  the  pro- 
perties of  various  other  waters,  and  consequently 
in  studying  the  action  of  distilled  watei  on  lead 
we  have  studied  the  action  of  most  waters  on  lead. 
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The  cause  of  action  discovered  in  the  case  of 
distilled  water,  in  the  shape  of  the  nitrogen  oxides, 
may  be  expected  to  be  present  in  any  natural 
water,  for  it  is  impossible  to  suppose  that  this 
cause  of  action  can  for  any  considerable  time  be 
absent  in  such  a water,  though  sometimes,  as  in 
the  case  of  distilled  water,  the  nitrogen  oxide 
present  may  be  so  little  in  amount  as  to  be 
difficult  of  detection,  and  yet  be  sufficient  for  the 
purpose  under  consideration.  In  most  natural 
waters,  however,  a small  or  larger  quantity  of 
nitrate  can  be  easily  found,  and  when  such  waters 
are  placed  in  contact  with  lead  this  metal  will  un- 
failingly reduce  the  nitrate,  whether  its  quantity 
be  small  or  large,  unless  the  surface  of  the  lead 
be  covered  with  an  insoluble  coat  and  30  be 
protected  from  the  nitrate  in  solution.  We  have 
further  studied  in  distilled  water  the  dissolving 
effect  exerted  upon  the  oxide  of  lead,  produced  as 
above,  by  various  acids  and  salts,  and  we  may 
anticipate  precisely  the  same  results  from  these 
same  acids  and  salts  when  they  occur  in  a natural 
water.  And  lastly,  we  have  studied  in  distilled 
water  the  effect  of  certain  salts  in  preventing  or 
retarding  the  oxidizing  action  by  causing  the  lead 
to  be  covered  with  a totally  or  slightly  soluble 
coat,  fur,  or  film.  To  such  salts  collectively  we 
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have  applied  the  term  “obstruction,”  and  have 
noted  that  carbonates  form  the  chief  and  most 
perfect  “ obstruction.”  Thus  we  now  find  our- 
selves equipped  with  knowledge  that  will  make 
the  action  of  all  other  waters  on  lead  easily 
intelligible. 


II.— A WATER  OBTAINED  BY  MELT- 
ING COMMERCIAL  ICE. 

The  ice  was  obtained  from  a neighbouring  fish- 
monger, to  whom  it  was  supplied  by  Gatti.  It  is 
said  to  be  a natural  ice  from  Wenham  Lake. 
The  water  obtained  by  melting  it  had  a hardness 
only  equal  to  that  of  distilled  water,  1 cc.  of 
standard  soap  solution  giving  a large  and  per- 
manent lather.  Sulphates  and  chlorides  could  be 
detected  in  the  unevaporated  water.  Nitrate  was 
also  present,  and  a small  ti’ace  of  nitrite.  The  re- 
action of  this  water  was  as  nearly  as  possible 
neutral  to  cochineal. 

This  water  was  found  to  act  rapidly  on  lead 
with  production  of  solid  oxyhydrate,  the  action 
being  in  no  way  distinguishable  from  that  of  dis- 
tilled water.  After  action  had  taken  place  a much 
more  copious  reaction  for  nitrite  than  previously 
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was  obtained  from  the  water,  and  the  “ oxyliy- 
drate”  produced  also  gave  this  reaction. 

Experiment  XLIX. — Melting  ice  was  placed  in  a jar 
with  lead  as  before,  the  jar  also  being  surrounded  with  ice.  The 
temperature  for  a great  part  of  the  experiment  was  32°  F., 
but  rose  in  latter  part  to  42°  F. 

In  half-an-hour  the  action  was  well  established,  and  in  two 
hours  the  bottom  of  the  vessel  was  covered  with  a thin  layer  of 
white  deposit. 

After  24  hours  the  lead  was  removed  from  the  water,  a por- 
tion of  which  being  filtered  yielded  grain  per  gallon  of  lead 
dissolved,  and  the  total  amount  of  solid  lead-salt  produced  was 
equivalent  to  i grain  in  the  five  ounces  of  water. 

Experiment  L. — The  ice-water  at  65°  F.  with  lead  as 
before.  Action  began  quickly  and  proceeded  uninterruptedly, 
and  at  the  end  of  24  hours  the  lead  w*as  removed. 

The  water  contained  z\>  grain  per  gallon  dissolved  lead,  and 
altogether  one-quarter  grain  of  lead  as  lead-salt  in  five  ounces 
of  water. 

Experiment  LI. — The  ice-water  as  before,  but  the  jar 
was  placed  in  a water-bath,  the  water  of  which  was  maintained 
at  120°  F.  The  experiment  was  performed  simultaneously  with 
Experiment  L.  Action  began  as  soon  as  the  lead  was  placed  in 
the  water  in  a more  marked  manner  than  any  hitherto  observed, 
a thick  cloud  of  white  compound  appearing  immediately,  which 
in  a few  minutes  had  given  the  water  a considerable  degree  of 
opalescence. 

After  24  hours  it  was  evident  that  more  solid  lead  compound 
had  been  produced  than  in  the  previous  two  experiments  during 
the  same  time.  The  filtered  -water  yielded  only  tIto  °f  a grain 
of  lead  dissolved;  but  the  entire  lead  compound  produced  in 
the  five  ounces  of  water  was  equivalent  to  1|  grain  of  lead. 
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Efforts  were  next  made  to  ascertain  the  rate  of 
action  at  160°  F.  and  212°  F.,  hut  owing  to  the 
evaporation  of  the  water  it  was  found  impossible 
to  beep  the  action  going  for  any  considerable  time 
as  in  the  last  experiments.  The  information 
obtained  tended,  however,  to  show  that  the  action 
is  not  so  rapid  at  these  higher  temperatures  as  at 
120°  F.  The  reason  of  this,  as  already  stated,  is 
partly  on  account  of  a tendency  to  development  of 
obstruction  at  high  temperatures  by  decomposition 
of  organic  matter  or  solution  of  alkali  or  silica  from 
the  glass,  and  partly  to  the  oxygen  being  driven 
out  and  kept  out  of  the  water  so  long  as  its  tem- 
perature remains  raised.  The  fact  of  a heated 
water  being  unable  to  dissolve  so  much  of  the 
oxyhydrate  as  a cold  water  may  have  its  reason 
partly  in  the  loss  of  free  carbonic  acid  gas,  but 
chiefly  in  decomposition  by  heat,  or  alteration  of 
constitution  of  the  oxynitrite  which  exists  along 
with,  and  is  more  soluble  than  the  simple  oxyhy- 
drate. It  will  be  remembered  that  when  the 
“ oxyhydrate  ” was  washed  repeatedly  with  dis- 
tilled water  it  lost  the  power  of  giving  the  blue 
colour  with  starch,  iodide,  and  acid. 

Experiment  LII. — The  ice-water,  as  before,  placed  in 

hath  at  160°  F.,  and  lead  put  in.  After  three  hours  the  amount 
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of  solid,  lead-salt  produced  appeared  decidedly  less  than  that 
produced  in  the  last  experiment  in  the  same  time. 

After  10  hours  the  five  ounces  of  water  in  the  jar  was  found 
evaporated  to  dryness.  The  jar  was  removed  from  the  water- 
bath,  water  to  the  original  amount  added,  and  having  been  made 
slightly  acid  with  HC1,  the  pieces  of  lead  were  lightly  washed  in 
the  water  and  removed,  and  all  the  lead  compound  adherent  to 
sides  and  bottom  of  jar  being  dissolved,  the  five  ounces  of  water 
contained  j grain  of  lead. 

Experiment  LIII. — The  ice  water  in  jar  as  before,  the 
jar  being  immersed  in  water-bath,  the  water  of  which  was  at 
212°  F.,  and  lead  added.  In  this  instance  G£  ounces  of  ice 
water  used  instead  of  five  ounces.  After  one  hour  a considerable 
amount  of  flocculent  or  curdy  compound  of  lead  had  been  pro- 
duced, but  far  less  than  in  Experiment  LI.  in  the  same  time. 

After  three  hours  the  water  had  evaporated  to  j its  original 
bulk,  and  the  lead  was  partly  above  the  surface  of  the  water. 
The  lead  was  now  removed.  A portion  of  the  remaining  water 
filtered  yielded  the  slightest  trace  of  lead  dissolved,  perhaps 
of  a grain  per  gallon.  The  lead  compound  adherent  to  sides 
and  bottom  of  the  jar  and  suspended  in  the  remainder  of  the 
water  was  equivalent  to  i grain  of  lead,  produced  from  6 i ounces 
of  water. 

The  results  of  the  foregoing  five  experiments  are 
tabulated  on  the  next  page,  and  it  will  be  seen 
that  the  rate  of  production  of  lead-salt  is  increased 
with  the  temperature  at  least  up  to  120°  If.  At 
higher  temperatures  its  production  is  prevented  or 
retarded.  The  amount  of  lead  actually  dissolved  is 
inversely  as  the  temperature. 
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Table  showing  the  rate  of  production  of  oxyhydrate  of  lead  in  a 
soft  water  obtained  by  melting  commercial  ice,  and  its  rate  of 
solution  in  the  water  at  different  temperatures. 


No.  of 
Expt. 

Temperature. 

Length  of 
Experiment. 

Total  lead  as 
lead-salt 
found  in  the 
5oz.  of 
water. 

Total  lead  as 
lead-salt  in 
grains  per 
gallon. 

Lead  found 
actually  dis- 
solvecf  in 
the  water  in 
grains  per 
gallon. 

49 

32°  F.,  rising 
to  42°. 

24  hours. 

£ grain. 

5j  grains. 

grain. 

50 

65°  F. 

24  „ 

i „ 

8 

» 

51 

52 

120°  F. 
160°  F. 

24  „ 

3 „ 

H .. 

Much  small 
ced 

36  „ 

er  quantity 
ing  temper 

trow  ” 
than  at  pre- 
ature. 

53 

212°  F. 

3 

$ i grain. 

1 6g  oz.  of 
( eompara 

2’  gr.  (circ. 
waiter  used) 
ble  with  49, 

zhs  <circ-) 

Not  fairly 
50,  51. 

III.— RAIN-WATER. 


The  rain-water  was  collected  in  vessels  placed 
upon  the  ground  in  a London  garden.  That 
caught  on  one  day  varied  considerably  from  that 
caught  on  another  in  regard  to  the  quantity  of 
“ free  ammonia  ” which  it  contained,  and  in  re- 
gard to  its  reaction  to  cochineal.  Thus  on  October 
7th  water  collected  soon  after  it  had  begun  to  rain 
was  found  to  have  an  alkaline  reaction  to  cochineal, 
but  another  portion  collected  on  the  same  day 
after  much  rain  had  fallen  was  decidedly  acid  to 
the  same  reagent.  Again,  a rain-water  which  was 
alkaline  on  the  day  it  was  collected,  after  storage 
in  a stoppered  Winchester  quart  for  three  months, 
was  found  to  be  acid.  Another  rain-water  faintly 
alkaline  to  cochineal  on  the  day  collected  had 
acquired  an  acid  reaction  four-and-twenty  hours 
later.  All  this  is  suggestive  of  the  idea  that  the 
acid  (nitric)  of  rain-water  is  dei’ived  by  the  nutri- 
fication  of  organic  nitrogenous  material,  which 
presumably  exists  in  the  air  along  with  any  neces- 
sary nitrifying  ferment.  This  subject  is  very 
worthy  of  further  investigation.  The  alkalinity 
observed  in  rain-water  is,  perhaps,  sometimes  due 
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to  carbonate  of  ammonia  which  has  existence  in 
the  air  of  towns  being  one  of  the  products  of  com- 
bustion of  coal,  etc.,  but  it  may  also  be  derived  by 
the  breaking  down  of  organic  matter  containing 
nitrogen,  carbonate  of  ammonia  having  inter- 
mediary occurrence  in  the  production  of  nitric 
acid.  Under  some  circumstances  the  acidity  of 
rain-water  is  due  to  H2S04  washed  out  of  the 
air.  It  has  been  stated  that  a rain-water  that 
was  alkaline  at  the  time  of  collection  afterwards 
became  acid.  A precisely  contrary  effect  may, 
however,  be  sometimes  noticed.  For  instance,  a 
rain-water  that  was  in  the  first  place  faintly  acid, 
on  being  exposed  for  some  days  in  a shallow  dish 
became  distinctly  alkaline,  and  lost  its  power  of 
acting  on  lead.  When  an  acid  rain-water  is 
boiled  in  a glass  flask  it  becomes  alkaline,  and 
the  “ obstruction  ” thus  developed,  as  in  the 
case  of  distilled  water,  is  capable  of  protecting 
lead  from  the  action  of  the  water. 

The  action  of  fresh  rain-water  upon  lead  appears 
to  be  identical  with  that  of  distilled  water,  solid 
crystalline  oxyhydrate  of  lead  being  produced, 
provided  that  the  rain-water  be  not  so  acid  as  to 
be  capable  for  a long  time  of  dissolving  oxide  of 
lead  as  it  is  formed,  nor  so  alkaline,  by  reason 
of  contained  carbonate  of  ammonia,  as  to  prevent 
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the  formation  of  oxide  of  lead  by  giving  the 
surface  of  the  lead  a protective  coat. 

Experiment  LIV. — Fresh  rain-water  was  placed,  in  glass 
jar  with  lead  as  in  previous  experiments.  Reaction  of  the  water 
slightly  acid. 

After  24  hours  the  water  was  opalescent,  and  there  was  some 
deposit  of  white  lead  compound  on  the  bottom  of  the  jar.  The 
reaction  was  now  alkaline. 

After  this  the  action  continued  through  the  several  days  that 
it  was  under  observation,  with  increasing  quantity  of  solid  lead- 
salt,  exactly  as  in  the  experiments  described  with  distilled 
water. 

When  the  jar  was  loosely  covered  with  an  envelope,  the  odour 
of  ammonia  could  be  detected  in  it  after  some  hours. 

More  scum  was  produced  upon  this  water  than  upon  distilled 
water  under  similar  circumstances,  which  was  taken  as  an 
indication  that  more  lead  was  actually  dissolved. 

Experiments  LV.  and  LVI. — Experiment  LV.  was 
made  with  a distilled  w'ater;  Experiment  LVI.  with  a rain- 
water of  acid  reaction.  Five  ounces  of  water  and  two  pieces  of 
lead  were  used  as  in  previous  experiments,  and  the  two  experi- 
ments were  started  simultaneously. 

Luring  the  first  72  hours  the  amount  of  solid  lead-salt  pro- 
duced appeared  much  greater  in  the  distilled  water.  There  was 
much  more  lead  actually  dissolved  in  the  rain-water,  however. 

After  14  days  the  amount  and  character  of  the  white  lead- 
salt  produced  was  about  equal  in  both  jars.  It  formed  a deep 
layer  at  the  bottom  of  either  jar. 

Experiment  LVII. — Rain-water,  as  in  last,  was  boiled 
in  a flask  for  10  minutes.  The  reaction  was  changed  from  acid 
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to  alkaline.  When  cold  it  was  placed  in  jar  with  lead,  as 
before. 

After  48  hours  a trifling  action  was  apparent.  It  consisted  in 
the  production  of  a white  patch  on  the  inner  side  of  the  lead- 
pipe  that  lay  in  the  water  with  its  axis  horizontal.  There  was 
also  a very  little  white  deposit  on  the  hottora  of  the  vessel, 
under  the  lead,  near  where  it  rested  on  the  glass.  The  lead 
being  taken  out  and  replaced  by  clean  pieces,  action  was  estab- 
lished in  precisely  the  same  manner  as  described  under  distilled 
water,  the  first  part  of  the  white  lead-salt  produced  having  a 
curdy  appearance,  probably  due  to  its  containing  carbonate  of 
lead. 

Experiment  LVIII. — The  boiled  rain-water,  as  in  last, 
but  with  J grain  nitrate  of  ammonia  dissolved  in  the  five  ounces 
of  water.  The  nitrate  added  overcame  the  obstruction,  and 
action  upon  the  lead  took  place. 

After  48  hours  the  product  was  considerable,  and  consisted  of 
fine  separate  scales,  which  gave  the  water  a silky  or  micaceous 
appearance  when  shaken  up — that  is  to  say,  it  was  of  different 
appearance  to  the  compound  produced  hy  plain  distilled  water. 
Exactly  the  same  thing  occurred  in  Experiment  XVI.,  &c.,  in 
which  nitrate  of  ammonia  was  added  to  distilled  water  under 
similar  circumstances.  The  difference  in  appearance  of  the 
product  appears  to  be  due  to  the  presence  of  the  carbonic 
radicle,  along  with  comparatively  much  nitrate.  Or  possibly  it 
is  due  to  the  sole  effect  of  the  nitrate,  the  first  portion  of  the 
product  consisting  of  a basic  nitrite  of  lead,  which  contains 
more  NO,  than  ordinarily.  Later  on  the  product  had  a rather 
curdy  appearance,  and  we  have  already  seen  that  curdiness 
denotes  the  presence  of  the  carbonic  radicle. 

Experiments  LIX.  and  LX.— The  rain-water  of  Ex- 
periment LIX.  was  that  collected  on  the  morning  of  October 
7th,  and  was  faintly  alkaline  in  reaction.  Placed  in  the  jar. 
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with  lead  as  in  previous  experiments,  in  half-an-kour  action 
with  production  of  solid  lead-salt  was  apparent,  the  water  having 
become  opalescent,  and  a small  collection  of  the  white  compound 
having  begun  to  collect  on  the  bottom  of  the  jar  near  the  pieces 
of  lead. 

After  24  hours  action  was  continuing,  and  when  shaken  up 
the  product  was  seen  to  consist  of  the  micaceous-looking  crystals, 
which  gave  the  water  a silky  appearance,  as  in  last  experiment. 

After  48  hours  the  production  of  these  silky  crystals  was 
superseded  by  the  production  of  the  more  ordinary  crystalline 
scales,  which  do  not  possess  the  micaceous  appearance. 

No  doubt  the  water  contained  a considerable  quantity  of 
nitrate,  but  the  excess  of  nitric  radicle  having  been  used  up  in 
the  production  of  micaceous-looking  basic  salt,  afterwards  the 
production  of  oxyhydrate  proceeded  as  usual. 

The  rain-water  of  Experiment  LX.  was  collected  in  the  after- 
noon of  October  7th,  and  was  decidedly  acid  to  cochineal.  It 
was  placed  in  a jar  with  lead,  as  in  previous  experiments. 

Eor  the  first  three  hours  the  water  remained  clear,  and  at  the 
end  of  that  time  a portion  was  found  to  contain  lead  dissolved 
in  the  proportion  of  § grain  per  gallon. 

After  12  hours  the  water  was  opalescent,  aud  the  bottom  of 
the  jar  was  covered  with  a very  thin  layer  of  lead-salt.  A 
portion  of  the  water  was  found  to  contain  dissolved  lead  in  the 
proportion  of  l£  grain  per  gallon. 

After  24  hours  the  deposit  on  the  bottom  of  jar  was  greater 
in  amount.  The  filtered  water  contained  two  grains  per  gallon 
of  lead. 

After  4-8  hours  still  more  solid  lead-salt  on  the  bottom  of  the 
jar,  but  the  water  contained  only  £ grain  per  gallon  of  lead 
dissolved. 

After  9G  hours  there  remained  £ grain  per  gallon  of  lead 
dissolved. 
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Table  showing  amount  of  lead  found  dissolved  in  a rain-water 
after  it  had  been  in  contact  with  the  lead  for  different  periods 
of  time,  the  natural  reaction  of  the  rain-water  to  cochineal 
being  distinctly  acid. 


Time  exposed. 

Lead  in  Solution. 

3 hours. 

grain  per  gallon. 

12  „ 

2-1  „ 

2 „ 

18  „ 

J »»  » 

90  „ 

X 

4 »>  n 

Here  we  have  corroboration  of  the  fact  that 
when  a water,  by  virtue  of  its  acidity,  dissolves 
the  oxide  of  lead  as  it  is  produced,  in  a certain 
time  the  solution  reaches  a maximum  strength, 
and  that  afterwards,  owing  to  the  basicity  of  the 
dissolved  lead-salt  becoming  greater  with  the 
further  production  of  oxide,  and  its  solubility 
being  for  that  reason  lessened,  a portion  of  the 
lead  is  thi’own  out  of  solution.  Other  circum- 
stances remaining  the  same,  the  time  in  which 
the  maximum  strength  will  be  reached  will  depend 
upon  the  quantity  of  acid  present. 

In  all  experiments  made  with  rain-water,  after 
action  on  lead  had  taken  place,  whether  the  oxy- 
hydrate  occurred  in  solid  crystals  or  was  dissolved 
by  acid  in  the  water,  a reaction  denoting  the  pre- 
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sence  of  nitrite  in  the  water  and  at  the  surface  of 
the  lead  could  always  he  obtained.  This  reaction 
was  generally  more  decided  than  that  obtained  in 
the  case  of  distilled  waters,  showing  that  a rela- 
tively larger  proportion  of  nitrate  is  contained  in 
rain-water  than  in  distilled  water. 

Experiments  LXI.  and  LXII. — A rain-water  that 
was  of  alkaline  reaction,  and  which  contained  much  “free 
ammonia,”  being  a portion  of  rain  that  first  fell  after  some  days 
of  fine  weather,  was  found  to  have  a slight  and  sluggish  action 
on  lead,  with  production  of  white  lead-salt.  To  a portion  of  it 
was  added  a strongly-acting  distilled  water,  in  proportion  of 
about  one  part  distilled  to  100  parts  rain-water.  The  mixture 
was  allowed  to  stand  aside  for  a week.  At  the  end  of  that  time, 
in  comparison  with  another  portion  of  the  original  rain-water, 
it  was  found  to  contain  much  more  nitrate  and  nitrite  than 
either  the  original  rain-water  or  distilled  water. 

Experiment  LXI.  was,  with  rain-water,  treated  for  a week 
with  distilled  water  as  above. 

Experiment  LXII.  was  with  the  original  rain-water.  Lead 
being  put  into  the  respective  jars,  the  experiments  were  done 
simultaneously  and  side  by  side. 

From  first  to  last  the  production  of  oxyhydrate  was  greatest 
in  the  jar  that  had  been  exposed  to  the  leavening  action  of  the 
strongly-acting  distilled  water. 

From  this  and  from  an  experiment  previously 
recorded,  it  would  appear  tbat  stale  distilled  waters 
are  ricb  in  the  influence  which  causes  tlie  oxidation 
of  nitrogenous  organic  matter  in  water.  The 
process  set  up  by  this — presumably  bacterial — 
influence  is  a primal  cause  of  the  action  of  water 
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on  lead,  the  immediate  cause  being  the  continual 
reduction  of  the  nitrate  and  nitrite — or  in  order 
to  embrace  all  possibilities  let  us  say  oxidized 
nitrogen.  When  once  the  degradation  of  the 
organic  matter  has  gone  so  far  that  an  oxide  of 
nitrogen  has  been  produced,  it  is  conceivable 
tbat  bacterial  influence  is  no  longer  necessary  to 
the  action  of  that  water  on  lead,  as  the  low 
oxides  of  nitrogen  combine  spontaneously  with 
the  oxygen  of  the  air  to  form  the  higher  oxides. 
What  we  have  gathered  from  our  experiments 
with  water  to  which  nitrate  has  been  added  leads 
us,  however,  to  believe  that  the  quickest  and  least 
interrupted  action  on  lead  takes  place  in  those 
waters  in  which  the  breaking  down  of  nitrogenous 
organic  matter  is  actually  going  on,  rather  than 
in  those  in  which  the  nitrifying  influence  is  out- 
worn by  all  the  nitrogen  having  been  fully 
oxidized  into  nitrate.  This,  of  course,  irrespective 
of  any  “ obstruction  ” which  the  water  may  at  the 
same  time  contain.  What  has  been  said  however 
in  reference  to  nitrification,  and  the  hinted  pro- 
duction of  free  nitric  acid  in  rain  water  by  such  a 
process,  is  not  intended  to  be  taken  as  anything 
more  than  a speculation,  to  settle  which  would 
require  much  time  and  skill.  The  experiments 
touching  upon  this  subject  are  too  few  and  too 
crude  to  have  more  than  a suggestive  value. 
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IV.— WATER  AS  SUPPLIED  TO  MIR- 
FIELD,  YORKS,  BY  THE  HUD- 
DERSFIELD CORPORATION. 

This  is  one  of  the  moorland  surface  waters, 
notorious  for  lead-dissolving  powers.  Samples 
were  received  through  the  favour  of  Dr.  Sproulle, 
of  Mirfield. 

Sample  1 had  been  drawn  from  the  house- 
tap  first  thing  in  the  morning,  after  the  water 
had  stood  all  night  in  the  lead  service  pipe.  It 
contained  i grain  per  gallon  of  lead. 

Sample  2 had  been  collected  from  the  tap 
after  the  water  had  been  first  allowed  to  flow 
through  in  a full  stream  for  some  minutes.  It 
contained  a trace  of  lead — about  TO  Srain  Per 
gallon. 

Sample  3 was  taken  by  the  turncock  from 
the  main  in  the  street,  in  which  Dr.  Sproulle’s 
house  is  situated,  but  not  on  the  same  day  that 
samples  one  and  two  were  taken.  It  contained 
ts  gra,in  Per  gallon  °f  lead. 

The  occurrence  of  lead  in  the  water  of  the  main 
may  be  explained  by  a back  current  having  taken 
place  from  the  lead  service  pipes  to  the  main. 
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which  is  presumably  of  coated  iron.  The  water 
in  any  street  main  from  which  water  of  this  sort 
is  conveyed  to  higher  levels  through  lead  service 
pipes  must  of  necessity  become  contaminated. 
The  increase  in  specific  gravity  caused  in  the 
water  contained  in  the  service  pipes,  through 
solution  of  lead,  would  lead  to  interchanging 
currents  between  the  main  and  the  service  pipes. 
This  will  happen,  even  though  the  pressure  be  full 
and  constant,  but  in  the  case  of  an  intermittent 
supply  of  water  the  whole  bulk  of  the  water  in  the 
lead  pipes  may  fall  or  be  sucked  back  into  the  main. 
The  amount  of  lead  likely  to  be  found  in  the 
water  of  the  main  depends  on  the  number  of  lead 
pipes  connected  with  it,  and  the  quantity  of 
water  that  has  lately  been  drawn,  and  so  is  likely 
to  vary  between  wide  limits.  It  is  quite  plain, 
therefore,  that  in  places  like  Mirfield  no  single 
inhabitant  could  protect  himself  by  using  an  iron 
service  pipe,  or  one  lined  with  glass,  or  otherwise, 
inasmuch  as  he  is  liable  to  imbibe  lead  derived 
from  his  neighbour’s  pipe,  as  well  as  that  derived 
from  his  own. 

The  Mirfield  water  gave  evidence  of  containing 
nitrate  and  a very  little  nitrite ; the  presence  of 
chloride  and  sulphate  was  readily  detected  in  the 
unevaporated  water,  which  also  had  a decided 
acid  reaction  to  litmus  and  to  cochineal.  The 
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hardness  of  the  water  was  equal  to  that  of  town 
rain-water,  i.e.,  between  4°  and  5°.  When  one 
part  of  New  River  water  (containing  13  grains 
Ca  C03  per  gallon)  was  mixed  with  20  parts  of 
Mirfield  water,  the  acidity  of  the  latter  was  more 
than  neutralized,  the  mixture  being  decidedly 
alkaline  to  cochineal.  When  the  Mirfield  water 
was  boiled  in  a glass  flask  its  acidity  was  lost,  the 
boiled  water  being  slightly  but  distinctly  alkaline. 
Mirfield  water  was  found  to  dissolve  copper  as 
readily  as  lead  when  placed  in  contact  with  the 
metal.  It  also  dissolves  zinc  and  iron. 

Experiment  EXIII. — Five  ounces  of  the  Mirfield  water 
(sample  2)  in  jar  with  lead  as  in  previous  experiments. 

After  10  minutes,  on  moving  the  jar,  a little  cloud  of  white 
compound  was  seen  inside  the  tube  of  lead  that  lay  horizontal, 
but  this  was  afterwards  dissolved,  and  was  only  produced  at  first 
on  a part  of  the  lead  that  was  protected  in  a measure  from  the 
main  bulk  of  the  water,  the  production  of  oxyhydrate  of  lead 
going  on  there  faster  at  first  than  the  acid  of  the  neighbouring 
water  could  dissolve  it. 

After  six  hours  no  solid  lead  compound  worth  speaking  of 
had  been  produced,  but  the  water  contained  half  grain  per 
gallon  of  lead  dissolved. 

After  12  hours  water  still  acid. 

After  36  hours  water  still  on  acid  side  of  neutrality;  no  solid 
lead  compound  produced. 

After  GO  hours  the  water  had  become  alkaline.  There  was  a 
white  bloom  on  the  lead,  visible  as  it  lay  in  the  water. 

After  84  hours  the  bottom  of  the  vessel  was  stained  with  a 
trifling  amount  of  white  deposit.  The  water  yielded  1£  grain 


WATER  AS  SUPPLIED  TO  MIRFIELD. 


85 


per  gallon  of  lead  dissolved.  The  water  gave  a decided  reaction 
with  starch,  iodide  and  acetic  acid,  much  more  than  previous  to 
its  action  on  lead.  The  pieces  of  lead  removed  and  dried  in  the 
air  were  seen  to  be  covered  with  a thick  layer  of  roughish  white 
fur.  Moistened  with  sulphuric  acid  it  gave  off  a decided  odour 
of  nitrous  gas,  and  a drop  of  solution  of  KI  and  starch  being 
added,  the  dark  blue  coloration  was  obtained  in  a copious  and 
marked  manner.  When  a piece  of  the  lead  was  washed  in  a 
little  distilled  water,  this  water  gave  the  same  reaction,  denoting 
nitrite. 

Experiment  LXIV. — The  Mirfield  water,  as  in  last,  had 
carbonate  of  ammonia  dissolved  in  it  to  the  extent  of  two  grains 
per  gallon.  Reaction  of  water  now  decidedly  alkaline.  The 
water  now  placed  in  jar  with  lead  as  before. 

In  a short  time  the  lead  appeared  darkened,  just  as  it  appears 
when  placed  in  a hard  water,  and  it  was  evident  the  carbonate 
was  protecting  the  lead. 

After  six  hours,  as  no  further  action  had  taken  place,  the  lead 
was  removed,  cleaned,  and  returned. 

After  two  hours  there  had  been  a very  little  white  deposit 
produced  from  the  upright  piece  of  lead,  near  which  it  lay  on 
the  bottom  of  the  jar. 

After  two  more  hours,  as  uo  further  action  had  taken  place, 
the  lead  being  again  coated,  the  lead  was  again  removed,  cleaned, 
and  returned. 

After  12  hours  it  was  evident  the  “ obstruction  ” had  been 
sufficiently  removed,  for  action  with  production  of  solid  lead-salt 
was  well  established. 

After  GO  hours  action  was  continuing  precisely  as  in  distilled 
water  with  production  of  more  and  more  crystalline  oxyhydrate 
of  lead. 

After  120  hours  the  filtered  water  was  found  to  contain  ^Lj 
grain  per  gallon  of  lead,  whilst  the  solid  oxyhydrate  produced 
was  equal  to  £ grain  of  lead  in  the  five  ounces  of  water. 
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Experiment  LXV. — Mirfield  water  mixed  with  of  its 
volume  of  New  River  water.  The  reaction  of  the  mixture  to 
cochineal  was  alkaline. 

After  three  hours  there  was  no  apparent  action,  excepting 
that  the  lead  was  darkened.  It  was  removed  from  the  water 
and  allowed  to  dry  in  the  air,  when  it  was  seen  to  be  covered 
with  a thin  iridescent  film  which  evidently  protected  it.  It 
was  cleaned  and  returned  to  the  water. 

During  the  next  12  hours  the  lead  was  twice  removed  from 
the  water,  cleaned,  and  returned.  After  the  third  cleaning  the 
“ obstruction  ” was  removed,  and  action  with  production  of 
white  lead-salt  was  well  established.  The  first  portion  had  a 
curdy  appearance,  but  the  usual  scaly  masses  of  crystals  were 
formed  later  on. 

After  72  hours  the  action  was  continuing  rapidly,  and  much 
oxyhydrate  had  been  produced ; it  was  equal,  in  fact,  to  i grain 
of  lead  in  the  five  ounces  of  water,  which  also  contained  -fo  grain 
per  gallon  of  lead  actually  dissolved. 

Experiment  LXVI. — Mirfield  water  (sample  3)  was 
boiled  in  a glass  flask  for  three  minutes.  Its  reaction  was  then 
alkaline  to  cochineal.  It  was  placed  in  a jar  with  lead  as 
before. 

After  24  hours  the  surface  of  the  lead  was  dulled,  but  there 
was  no  other  apparent  action,  but  the  water  contained  dissolved 
^5  grain  per  gallon  of  lead. 

After  48  hours  the  appearance  was  the  same,  and  the  amount 
of  lead  in  solution  the  same. 

After  96  hours  there  was  no  further  action ; the  water  still 
contained  -fa  grain  per  gallon  of  lead.  The  water,  to  begin 
with,  had  contained  -fa  grain  per  gallon.  The  lead  being  now 
removed  from  the  water  and  allowed  to  dry,  was  seen  to  be  covered 
with  a very  thin  film,  which,  however,  had  protected  the  lead 
after  a very  small  fraction  of  a grain  per  gallon  had  been  added 
to  that  already  in  solution. 
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Experiment  LXVII. — Mirfield  water  (sample  3),  in  jar, 
with  lead,  as  before. 

After  24  hours  a portion  of  the  water  removed  and  filtered 
contained  \ grain  per  gallon  of  lead. 

After  48  hours  water  similarly  treated  contained  a grain  per 
gallon. 

After  96  hours  it  contained  ^ grain. 

Tested  at  end  of  48  hours  the  water  was  found  to  have 
become  alkaline. 

Experiment  LXVIII. — Mirfield  water  (sample  3),  as 
in  last,  but  water  being  removed  at  different  times  with  a 
pipette,  the  lead  was  estimated  without  filtration  of  the  water. 

After  four  hours  it  contained  -fj  grain  per  gallon  of  lead ; 
after  10  hours,  | grain  ; after  24  hours,  , grain;  48  hours, 
§ grain ; 96  hours,  fa  grain. 

Table  showing  the  amounts  of  lead  dissolved  by  Mirfield  water  in 
the  several  stages  of  its  action  upon  the  metal. 


Water. 


(a) 

Mirfield  water,  which  pre- 
viously  contained  1 jjjrain 
per  gallon  of  lead!  The  j 
portions  of  water  removed  r 
filtered  through  paper  | 
before  estimation  of  lead...  ) 

(0) 

Mirfield  water  ns  above.  The 
portions  of  water  removed 
with  a pipette,  not  being  y 
filtered  before  estimation 
of  lead 


Time  of  Exposure. 

Lead  found  in  the 
Water. 

24  hours. 

1 grain  per  gallon. 

48  „ 

i 

ii  ii 

96  „ 

6U 

n ii 

4 „ 

1 

TT 

a ii 

10  „ 

l 

6 

it  ii 

24  „ 

1 

T 

ii  ii 

48  „ 

t 

ii  ii 

96  „ 

1 

TTo 

ii  ii 
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Experiment  LXIX. — The  Mirfleld  water  of  one  of  the 
above  experiments,  after  lead  had  been  exposed  in  it  for  96 
hours,  had  the  lead  removed  from  it  and  fresh  clean  lead  put 
into  the  water  in  its  place. 

The  result  was  the  continuous  production  of  solid  crystalline 
oxyhydrate  of  lead,  which,  of  course,  was  no  longer  dissolved, 
as  the  solvent  power  of  the  water  had  been  exhausted  in  the 
previous  action. 

The  degree  of  acidity  of  the  different  samples 
of  Mil-field  water  obtained  evidently  varied.  The 
water  used  in  Experiment  LX  III.  had  much 
greater  power  of  dissolving  lead,  due  to  its 
greater  acidity,  than  the  water  used  in  the  ex- 
periments in  the  table  above.  This  last  water, 
however,  contained  of  a grain  per  gallon  of 
lead,  and  must,  therefore,  have  been  in  contact 
with  lead  for  a longer  time  than  the  other  water, 
which  only  contained  grain  per  gallon.  Con- 
tact with  lead  results  in  loss  of  acidity. 

In  the  case  of  Mirfield  water  which  is  in  contact 
with  lead,  when  the  water  becomes  alkaline  and 
the  strength  of  the  solution  of  lead  begins  to 
grow  less,  no  precipitate,  or  comparatively  little, 
occurs  upon  the  bottom  of  the  vessel,  the  lead-salt 
withdrawn  from  solution  attaching  itself  to  the 
surface  of  the  lead  to  form  the  thick  lur  observed. 
Probably,  had  the  water  possessed  a greater 
degree  of  acidity,  more  of  the  basic  salt  produced 
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would  have  found  its  way  to  the  bottom  of  the 
jar,  as  in  the  experiments  with  distilled  water  to 
which  acid  had  been  added.  The  acid  in  Mirfield 
water  was,  however,  considerably  less  than  the 
equivalent  of  1 grain  HN03  per  gallon,  which 
was  the  smallest  quantity  used  in  the  experiments 
with  distilled  water.  The  insoluble  fur  which 
thus  came  to  coat  the  lead  prevented  further 
action  with  production  of  oxyhydrate.  It  must 
not  be  forgotten,  however,  that  this  fur  would  be 
very  rapidly  dissolved  off  by  a fresh  supply  of  the 
acid  water,  and  a great  contamination  of  the 
water  would  occur  in  a much  shorter  time  than  if 
the  lead  were  clean  and  the  water  had  to  produce 
the  oxide  before  dissolving  it.  An  experiment 
was  made  at  120°  IF.  to  ascertain  the  effect  of 
greater  heat  upon  the  action  of  Mirfield  water. 
As  we  have  proved  already  that  the  production  of 
oxyhydrate  takes  place  much  more  rapidly  at 
120°  F.  than  at  lower  temperatures,  we  might 
anticipate  the  result  in  the  case  of  Mirfield  water. 
The  acid  is  neutralized  at  a quicker  rate,  the 
water  contains  its  maximum  amount  of  dissolved 
lead  in  far  shorter  time,  and  this  dissolved  lead  is 
afterwards  quickly  withdrawn.  In  fact,  at  the 
end  of  three  hours  the  action  has  gone  through 
all  its  stages,  and  the  same  result  is  arrived  at  as 
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after  ninety-six  hours  at  common  temperature, 
the  only  difference  being  that  even  a smaller  frac- 
tion of  a grain  per  gallon  of  lead  remains  in 
solution  in  the  heated  water. 

Thus  we  find  that  the  action  of  Mirfield  water 
upon  lead  is  practically  identical  with  distilled 
water  which  has  been  given  an  artificial  acidity 
by  mixing  witb  it  a small  quantity  of  either  of 
several  acids,  also  with  rain  - water,  which  is 
naturally  acid. 


Y. — WATER  FROM  OKEHAMPTON, 
DEVON,  BEING  A SAMPLE  OF 
THE  PUBLIC  SUPPLY  TO  THAT 
TOWN. 

A sample  of  this  water  was  obtained  by  favour 
of  Dr.  Young,  Medical  Officer  of  Health  to  the 
Okehampton  Urban  and  Rural  Districts.  Dr. 
Young  has  been  kind  enough  to  supply  the  author 
with  some  interesting  information  concerning 
this  water,  including  an  analysis  and  the  result 
of  some  experiments,  conducted  by  himself,  upon 
the  lead-dissolving  powers  of  the  watei’,  which  by 
his  permission  are  given  below. 

In  regard  to  its  origin,  the  water  is  mainly 
derived  from  a spring  in  the  granite,  but  consists 
also  in  part,  of  a varying  proportion  of  surface 
water.  It  has  generally  an  acid  reaction,  and  the 
acid  it  contains  gives  it  the  power  of  taking  up 
lead  when  brought  into  contact  with  that  metal. 
Its  degree  of  acidity  appears  to  vary,  which, 
indeed,  is  the  case  with  all  acid  waters,  and  its 
composition  no  doubt  will  vary  slightly  from  time 
to  time.  Dr.  Young  regards  it  as  a soft  water  of 
excellent  quality  from  a hygienic  point  of  view, 
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apart  from  its  lead-dissolving  property.  The 
following  is  Dr.  Young’s  analysis,  and  the  result 
of  his  experiment  upon  the  lead-dissolving  power 
of  the  water. 


Analysis  of  water  of  Okebamptou  water  supply,  derived  from 
springs  on  Dartmoor,  and  from  the  moorland  surface. 


Tot  al 
solids. 
In  grains 
per 

gallon. 

Chlorine. 
In  grains 
per 

gallon . 

Sulphate. 
In  grains 
per 
gallon 
SO„ 

Nitrate.  Nitrite. 

*V  '' 

In  grains  per 
gal  Ion. 

Free  Albuminoid 

Ammonia.  Ammonia. 

> y 

In  parts  per  million. 

5-0 

1'2 

1-2 

•1 

•o 

•01 

•06 

The  microscope  showed  very  little  suspended  vegetable  or 
mineral  matter,  although  the  water  is  not  filtered. 


In  experimenting  on  the  lead-dissolving  power. 
Dr.  Young  allowed  the  water  to  stand  in  the  pipe 
(an  old  one)  by  which  his  house  was  supplied,  for 
different  periods  of  time,  the  lead  being  estimated 
in  the  water  after  each  period  of  exposure. 

Dr.  Young’s  experiments  upon  the  lead-dissolving  power  of 
Okehampton  water.  (Compare  with  Experiment  LXVIII., 
Mirfield  water.) 


Length  of  time  water  was  allowed 
to  stand  in  pipe. 

Lead  found  in  the  water  in  grains 
per  gallon. 

5 hours. 

•3 

« 

•35 

17  „ 

•5 

24  „ 

•8 

48  „ 

10 
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In  these  experiments  the  water  was  on  at  full 
pressure  from  the  main,  but  on  screwing  clown  a 
tap  situated  in  the  service  pipe  outside  the  house, 
the  water  in  the  pipe  was  relieved  of  the  pressure 
from  the  main  ; hut  when  other  experiments  were 
performed  with  this  modification  the  amount  of 
lead  entering  into  solution  during  a given  time 
remained  much  as  before,  which  appeared  to 
prove  that  pressure  of  water  exercised  very  little 
influence  upon  the  rate  of  solution  of  lead.  Dr. 
Young  also  experimented  with  a new  lead  pipe, 
but  the  amount  of  lead  taken  up  from  it  did  not 
materially  differ  from  that  taken  up  from  the  old 
pipe. 

The  supply  of  Okehampton  water  received  was 
found  to  be  acid  to  litmus,  but  faintly  alkaline  to 
cochineal.  In  this  it  differed  essentially  from 
Mirfield  water,  which,  it  will  be  remembered,  was 
decidedly  acid  to  cochineal.  The  acidity  as  thus 
exhibited  by  Okehampton  water  would  therefore 
appear  to  be  due  merely  to  a little  free  carbonic 
acid.  The  acidity,  however,  which  caused  the 
water  to  take  up  lead  in  the  quantities  as  ex- 
hibited in  the  table  above,  would  have  been  due 
to  the  presence  of  some  other  acid  than  carbonic. 
If  any  such  had  previously  existed  in  the  par- 
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ticular  sample  of  water  received  it  must  have 
been,  in  some  way,  neutralized.  The  water  con- 
tained a mere  trace  of  lead  and  a much  larger 
trace  of  iron,  perhaps  TjnJ  grain  per  gallon  of  lead 
and  jL-  grain  per  gallon  of  iron. 

Experiments  performed  with  this  water  with 
pieces  of  lead  pipe  in  a glass  jar  yielded  no  very 
positive  results,  the  further  amount  of  lead  taken 
into  solution  by  it  being  only  small  and  insigni- 
ficant in  comparison  with  the  quantity  taken  up 
by  some  other  waters  which  have  already  been 
brought  under  notice.  It  has  been  stated  that 
apart  from  a weak  acidity  appreciable  to  litmus, 
due  no  doubt  to  a small  quantity  of  carbonic  acid, 
the  single  sample  of  Okehampton  water  obtained 
was  faintly  alkaline  in  reaction.  This  alkalinity 
may  have  been  accidentally  derived  from  the  bottle 
in  which  it  was  sent  or  otherwise.  Dr.  Young 
informs  the  author  that  the  water  is  more  generally 
faintly  acid  to  cochineal,  and  has  considerable 
power  of  dissolving  lead,  as  indeed  his  experiments 
witness.  In  that  case  Okehampton  water  must 
closely  resemble  Mirfield  water,  the  results  of  an 
examination  of  which  are  given  under  the  last 
heading. 

Experiment  LXX. — The  Okehampton  water  as  de- 
scribed above  was  placed  in  a jar  with  two  pieces  of  lead,  as  in 
previous  experiments. 
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Water  was  removed  with  a pipette,  and  tested  for  lead  with- 
out filtration,  after  the  following  periods  of  exposure Six 
hours,  24  hours,  48  hours,  96  hours. 

At  the  end  of  six  hours  the  wrater  was  alkaline  to  litmus. 

The  amount  of  lead  found  in  the  water  at  the  end  of  the 
periods  of  time  specified  became  increasingly  greater,  at  least 
for  some  considerable  number  of  hours,  hut  at  the  most  the 
fraction  of  a grain  per  gallon  of  lead  found  was  hut  very  small. 
The  approximate  differences  observed  in  the  amount  of  lead  pre- 
sent after  increasing  periods  of  exposure,  are  given  in  a table 
below. 

At  the  end  of  the  experiment  the  water  was 
tested  for  nitrite,  which  was  found  readily,  and 
showed  that  some  amount  of  oxidation  of  lead 
had  taken  place,  a portion  of  the  nitrate  present 
having  been  reduced. 

On  removing  the  lead  from  the  water  and  allow- 
ing it  to  dry,  it  was  seen  to  be  covered  with  soft 
white  fur,  and  not  with  hard  iridescent  film. 
This  fur  must  have  owed  its  production  partly  to 
the  small  amount  of  carbonic  acid  originally  pre- 
sent in  the  water,  and  partly  to  the  sulphate 
which  was  also  present.  The  increasing  quantity 
of  lead  which  entered  into  solution  may  have 
been  due  to  the  increasing  formation  of  sulphate 
of  lead,  the  sulphuric  radicle  originally  present  in 
the  water  being  for  some  time  slowly  and  con- 
tinuously utilized  for  this  purpose. 
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Table  showing  the  action  upon  lead  of  a sample  of  Okehampton 
water  that  had  an  alkaline  reaction  to  cochineal  after  different 
periods  of  exposure. 


Length  of  time  exposed. 

Lead  found  in  solution. 

6 hours. 

^ grain  per  gallon. 

21 

Tin  ” ” 

4H 

” ” 

90 

1 

ins 

Experiment  LXXI. — Okehampton  water  as  in  last 
experiment,  placed  in  jar  with  lead  as  before. 

After  24  hours,  as  there  was  no  production  of  solid  lead-salt, 
excepting  the  little  at  the  surface  of  the  lead,  and  only  a very 
small  fraction  of  a grain  per  gallon  of  lead  in  solution,  the  lead 
was  removed  and  substituted  by  fresh  cleau  pieces.  A trifling 
action  ensued,  with  production  of  solid  white  lead  compound. 
After  a few  more  hours  the  lead  was  again  removed,  and  other 
pieces  of  clean  lead  put  in  its  place.  A decided  action  with 
production  of  oxyhydrato  of  lead  was  then  set  up,  and  went  on 
continuously  as  in  the  case  of  distilled  water,  so  that  after  72 
hours  a deep  layer  of  the  crystalline  lead-salt  had  collected  at 
the  bottom  of  the  jar. 

The  supernatant  water  gave  much  ampler  evidence  of  con- 
taining nitrite  than  that  of  the  last  experiment. 


YL— THE  WATER  OF  THE  NEW  RIVER 
COMPANY,  AS  SUPPLIED  TO  A 
LARGE  PART  OF  THE  NORTHERN 
AND  CENTRAL  DISTRICTS  OF 
LONDON. 

This  water  contains  about  20  grains  total  solids 
per  gallon,  including  13  grains  of  carbonate  of 
calcium,  and  over  one  grain  of  nitrate,  as  well  as 
chloride  sulphate,  etc. 

Experiment  XiXXII. — -New  River  water  from  house 
tap  was  placed  in  jar  with  lead  as  before. 

After  48  hours  there  was  no  production  of  solid  oxyhydrate, 
and  the  water  contained  a hare  trace  of  lead  in  solution.  The 
lead  when  removed  and  dried  was  covered  with  a dark  thin  and 
close-fitting  iridescent  film,  w'hicli  was  no  doubt  due  to  the 
formation  upon  the  lead  of  an  insoluble  basic  carbonate.  This 
protected  the  lead  from  the  further  action  of  the  water. 

Experiment  LXXITI. — New  River  water  with  two 
grains  of  nitrate  of  potassium  dissolved  in  the  five  ounces,  and 
lead  as  before. 

After  24  hours  the  lead  was  protected  as  before,  but  there  was 
a very  little  white  deposit  on  one  piece  of  lead  near  where  it 
touched  the  glass.  This  was  evidently  formed  before  the  carbonate 
had  time  to  coat  that  particular  portion  of  the  lead,  and  so  effec- 
tually prevent  action  with  production  of  solid  oxysalt.  The 
supernatant  water  yielded  slight  evidence  of  containing  nitrite, 
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but  there  was  no  appreciable  quantity  of  lead  dissolved.  The 
production  of  even  a very  small  quantity  of  solid  white  lead-salt 
shows,  however,  what  the  action  would  be  were  there  no  “ obstruc- 
tion ” present. 

Experiment  X.XXIV. — New  River  water  with  15  drops 
of  an  old  rose  water,  which  itself  acted  powerfully  on  lead,  added 
to  the  five  ounces,  and  lead  as  before. 

After  24  hours  there  had  been  a slight  action  represented  by 
two  white  patches  on  the  lead  near  where  the  pieces  touched  the 
glass,  and  a white  streak  on  one  of  the  pieces  of  lead.  Here,  as 
in  the  last  experiment,  the  production  of  a little  white  lead-salt  at 
certain  spots  took  place  before  the  carbonate  had  time  to  form 
and  cover  the  lead  with  its  protective  coat. 

Experiment  LXXV. — New  River  water  boiled  for  lialf- 
an-hour,  allowed  to  get  cold  and  filtered,  then  put  in  jar  with  lead 
as  before. 

After  72  hours  there  had  been  no  apparent  action,  but  the 
water  contained  grain  per  gallon  of  lead  dissolved.  The  lead 
removed  from  the  water  and  allowed  to  dry  in  the  air  was  seen 
to  be  covered  with  white  bloom-like  fur  instead  of  tbe  iridescent 
film  as  in  the  experiment  with  plain  unboiled  water.  In  another 
experiment  with  boiled  New  River  water  there  was  a consider- 
able production  of  solid  white  curdy  lead-salt,  on  putting  lead 
into  the  water. 

Experiment  LXXVI. — Boiled  New  River  water,  as  in 
last  experiment,  but  the  lead  was  allowed  to  stay  in  it  for  seven 
days.  A portion  of  the  water  was  then  decanted  into  a clean 
beaker,  and  a piece  of  clean  lead  put  into  it. 

Action  began  immediately,  and  in  30  seconds  clouds  of  white 
lead  compound  were  forming  about  the  lead  and  falling  to  the 
bottom  of  the  vessel.  The  compound  was  in  a fine  state  of 
division.  In  five  minutes  it  had  given  the  water  a very  consider- 
able degree  of  opalescence. 
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After  24  hours  the  action  seemed  to  have  come  to  an  eud,  or,  if 
further  action  was  occurring,  it  was  slow.  The  compound  pro- 
duced had  subsided,  the  supernatant  water  remaining  clear.  The 
lead,  as  it  stood  in  the  water,  was  seen  to  be  coated  with  a white 
fur.  The  water  gave  a plentiful  reaction  for  nitrites,  and  had  a 
chlorous  odour.  A piece  of  lead  being  removed  from  the  water 
and  sulphuric  acid  dropped  upon  it,  it  emitted  an  odour,  which 
may  have  been  mixed,  but  in  which  the  nitrous  gas  was  in 
the  ascendant. 

After  48  hours,  as  it  was  questionable  whether  any  further 
action  was  proceeding,  or  whether  the  lead  was  completely  pro- 
tected by  a layer  of  oxysalt  on  its  surface,  the  supernatant  water 
was  removed  with  a pipette,  and  placed  in  another  beaker  with  a 
clean  piece  of  lead.  Action  occurred  with  production  of  more 
white  lead-compound,  which  was  of  rather  a curdy  appearance  ; 
after  another  change  of  lead,  however,  scaly  crystals  of  oxyliy- 
drate  of  lead  were  produced  in  considerable  quantity  and  con- 
tinuously. 

Experiment  LXXVII. — Plain  New  River  water  placed 
in  a small  beaker  with  a piece  of  clean  lead  pipe.  The  volume  of 
water  was  about  two  ounces,  and  the  piece  of  lead  pipe,  about  H 
inch  long,  offered  about  eight  square  inches  of  lead  surface  to 
the  action  of  the  water.  Owing  to  the  frequent  change  of  lead, 
perhaps,  a fifth  of  the  water  was  wasted  before  the  end  of  the 
experiment. 

The  lead  was  changed  repeatedly  at  intervals  of  two  hours  or 
longer,  clean  bright  lead  being  constantly  put  in  the  place  of  the 
tarnished  lead  which  was  removed. 

Por  the  first  15  changes  of  lead  or  so,  the  surface  of  the  metal 
was  covered  with  iridescent  film,  which,  however,  got  plainly 
thinner  in  the  later  changes  of  lead. 

Afterwards  the  lead  was  covered  with  white  bloom-like  fur 
instead  of  the  more  closely-fitting  film,  at  first  half-film  and  half- 
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fur.  This  white  fur  was  easily  rubbed  off  with  a duster.  To 
see  either  the  fur  or  the  film  the  lead  must  he  allowed  to  dry  in 
the  air,  as  it  cannot  be  well  seen  when  the  lead  is  wet. 

Ultimately,  after  many  changes,  the  whole  of  the  obstruction 
was  removed,  and  there  was  a continuous  production  of  lead 
compound,  which  fell  off  the  lead  as  produced. 

Thus  in  these  experiments  with  a hard  water, 
we  find  that  normally  the  water  has  practically  no 
action  on  lead,  that  is  to  say,  the  action  is  pre- 
vented by  the  carbonate  contained  in  the  water. 
When  most  or  all  of  the  carbonate  is  removed, 
as  by  boiling  the  water,  the  nitrate  in  the  water 
has  a better  chance  of  acting  on  the  lead ; but 
there  still  remains  in  the  water  the  sulphate  of 
calcium,  which,  covering  the  lead  with  a coat  of 
slightly  soluble  basic  sulphate,  still  forms  obstruc- 
tion to  the  formation  of  oxyliydrate.  Reference 
may  here  be  made  to  Experiment  XXXVIIL,  in 
which  sulphate  of  calcium  was  added  to  distilled 
water  previous  to  its  being  placed  in  contact  with 
lead.  Whereas  the  carbonate  forms  an  iridescent 
film  upon  the  lead,  the  sulphate  forms  a less 
smooth,  white  bloom-libe  fur  easily  rubbed  off. 
When  lead  has  been  in  the  water  long  enough 
for  all  the  sulphuric  radicle  present  to  attach 
itself  to  the  surface  of  the  lead,  clean  metal  being 
substituted  for  that  which  is  thus  coated,  no 
further  obstruction  exists,  and  the  nitrate  of 
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calcium  is  very  rapidly  reduced,  clouds  of  white 
lead-salt  appearing  in  the  water  as  the  result 
of  the  appropriation  of  the  oxygen  of  the  nitrate 
by  the  lead  with  formation  of  oxide.  Boiling  the 
water  is  a rapid  method  of  removing  the  car- 
bonate of  calcium,  but  it  can  also  all  be  removed, 
however  hard  the  water,  when  a sufficient  surface 
of  clean  lead  is  placed  in  contact  with  the  water. 
Anyone  who  has  sufficient  patience  may  prove 
this,  as  in  the  last  experiment,  which  is  instruc- 
tive in  regard  to  the  different  coats  seen  to  be 
formed  upon  the  lead. 


SUMMARY. 


The  results  obtained  may  now  be  summarized. 
We  bave  satisfied  ourselves  that  the  action  of 
water  on  lead  is  primarily  an  oxidizing  action, 
and  that  the  product  in  the  first  instance  has 
the  form  of  oxide  of  lead.  Where  the  action  is 
exerted  in  waters  which  do  not  possess  the  power 
of  dissolving  the  oxide,  the  latter,  together  with 
the  elements  of  water,  forms  a colourless  crystal- 
line oxyhydrate  of  lead  very  slightly  soluble  or 
insoluble  in  pure  water.  The  production  of  this 
oxyhydrate  of  lead  in  such  waters  is  continuous 
when  free  access  of  air  is  allowed  to  the  surface 
of  the  water,  and  depends  upon  the  presence  of 
nitrate,  nitrite,  or  an  oxide  of  nitrogen  in  some 
other  combination  than  as  nitrate  or  nitrite, 
which  is  repeatedly  reduced  by  the  lead  and  re- 
oxidized by  the  oxygen  of  the  air,  thus  acting  as 
an  oxygen  carrier  between  the  air  and  the  lead. 
It  is  further  probable  that  the  presence  of 
chlorine  in  a water,  as  chloride,  aids  in  the 
oxidation  of  the  lead,  when  it  exists  along  with 
nitrate,  etc.  We  have  evidence  that  a very 
minute  quantity  of  nitrate  or  other  form  of 
nitrogen  oxide  is  sufficient  to  set  up  the  action  of 
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water  on  lead  and  cause  its  continuance,  and  from 
the  nature  of  its  origin,  all  waters  contain,  or  are 
liable  to  contain  this  cause  of  action. 

We  have  seen  that  the  crystalline  oxyhydrate 
of  lead,  produced  by  action  of  water  on  lead  in  the 
above  manner,  is  more  or  less  freely  soluble  in  all 
the  more  commonly  occurring  acids,  also,  to  a 
much  more  insignificant  degree,  in  solutions  of 
various  salts,  prominent  amongst  which  are  the 
salts  of  ammonia  and  particularly  nitrate  of 
ammonia.  The  power  exhibited  by  various 
waters,  and  particularly  by  waters  of  acid  re- 
action, of  taking  up  lead  into  solution  when  they 
are  placed  in  contact  with  the  metal,  is  thus 
easily  explained.  For,  although  the  acid  con- 
tained in  a water  may  have  no  power  to  dissolve 
metallic  lead,  the  water  contains,  besides  acid, 
the  “ cause  of  action  ” in  the  form  of  nitrogen 
oxide,  that  has  the  power  of  producing  oxide  of 
lead.  The  latter  compound  combines  with  the 
acid  present,  forming  a salt  of  lead  which  is 
soluble  in  water.  The  presence  of  salts  of  other 
bases  in  a water  that  is  acting  on  metallic  lead 
with  production  of  oxide  of  lead,  also  leads  to  the 
formation  of  other  salts  of  lead,  which  often  are 
more  soluble  in  the  water  than  the  crystalline 
oxide  and  hydrate  of  lead  itself,  and  thus  waters 
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which  are  not  acid  come  to  contain  lead  in 
solution.  Natural  waters  which  are  not  of  acid 
reaction  are  never  likely  to  contain  so  much  lead 
in  solution  as  those  which  do  contain  a free  acid. 
It  is  most  important  to  remember,  however,  in 
this  connection,  that  it  is  in  neutral  or  very  slightly 
alkaline  waters  that  oxidation  of  lead  occurs  with 
greatest  rapidity,  and  that  the  insoluble  oxy- 
hydrate  of  lead,  which  is  produced  by  such 
waters  and  which  becomes  so  easily  detached 
from  the  surface  of  the  metal  where  it  is  pro- 
duced, may  cause  an  infinitely  greater  pollution 
of  the  water  than  any  lead  that  may  be  actually 
dissolved.  Let  it  be  supposed  that  the  action 
with  production  of  solid  oxyhydrate  of  lead  is 
going  on  in  a lead  service-pipe  duriug  the  night, 
or  during  a number  of  consecutive  hours  when  no 
water  is  drawn,  when  the  tap  is  turned  the  solid 
lead-salt  will  he  swept  out  with  the  stream,  and 
huge  quantities  of  lead  existing  in  a state  of  sus- 
pension may  be  unconsciously  swallowed  with 
such  water. 

It  has  sometimes  been  observed  that  water  will 
act  upon  a new  lead  pipe  and  not  upon  an  old 
one.  The  old  pipe  is  probably  coated  with  a 
protective  covering  which  can  only  he  dissolved 
off  by  an  acid.  In  Experiment  XXVIII.  we  found 
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that,  after  clean  lead  had  been  in  contact  with  a 
hard  water  and  had  thereby  become  coated  with 
a protective  film,  a distilled  water  which  acted 
on  clean  lead  could  produce  no  effect  upon  this 
coated  lead.  In  the  case  of  a very  old  lead  pipe 
that  has  been  a long  time  dry,  the  metal  may  be 
coated  with  dehydrated  oxide  of  lead,  which  is 
not  so  easily  dissolved  even  by  an  acid  water. 
With  a new  lead  pipe  some  action  might  be 
expected  even  in  a tolerably  hard  water,  because 
the  pipe  offers  such  a large  surface  in  proportion 
to  the  volume  of  water  it  contains,  that  at  first 
filling  the  carbonate  present  may  be  insufficient 
to  everywhere  cover  the  lead,  and  production  of 
oxyliydrate  will  be  the  consequence. 

With  acid  water  it  has  to  be  remembered  that 
the  action  is  practically  the  same  as  in  neutral  or 
faintly  alkaline  waters.  In  both  it  is  an  oxidizing 
action,  but  the  oxide  is  soluble  in  the  acid. 
Although  in  the  acid  water  the  oxide  of  lead  is 
dissolved  as  fast  as  produced,  until  the  acid  is 
neutralized,  the  major  portion  of  the  lead  at  first 
got  into  solution  by  this  means  is  liable  in  the 
end  to  be  deposited,  being  rendered  less  soluble  by 
combination  with  a further  quantity  of  oxide,  the 
end-product,  when  a sufficient  supply  of  oxygen  is 
at  hand,  being  a salt  of  high  basicity  which  is  but 
slightly  soluble. 
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In  regard  to  heat,  the  rate  of  action  is  much 
greater  at  120°  F.  than  at  common  temperature, 
and,  no  doubt,  up  to  that  point,  or  possibly  up  to 
a slightly  higher  degree,  the  rate  of  action 
increases  with  temperature,  but  at  temperatures 
approaching  the  boiling  point  a continuation  of 
action  is  prevented  : — 1,  by  liability  to  the 
production  of  an  alkaline  obstruction  in  the 
water,  which  neutralizes  any  acid  present,  and 
covers  the  lead  with  a protective  film ; and,  2,  by 
reason  of  free  oxygen  being  driven  out  and  kept 
out  of  the  water. 

In  regard  to  hard  waters,  it  is  well  to  keep  in 
mind  that  they  are  much  more  liable  to  exert  an 
action  on  lead  after  their  “ temporary  hardness  ” 
has  been  removed  by  boiling. 

In  regard  to  the  nature  of  the  acid  in  naturally 
acid  waters,  there  has  been  much  controversy. 
The  acidity  is  so  slight  as  to  render  it  impossible 
of  exact  measurement,  and  as,  in  many  instances, 
it  cannot  be  concentrated  by  evaporation  in  glass 
or  glazed  porcelain  vessels,  simply  for  the  reason 
that  the  acidity  is  neutralized  or  lost  on  boiling, 
it  is  difficult  to  prove  its  exact  nature  and  com- 
position. Naturally  acid  waters  no  doubt  exist 
in  which  the  acidity  is  so  great  as  to  allow  of 
concentration  by  evaporation,  especially  if  the 
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evaporation  be  performed  in  platinum  vessels,  in 
which  case  the  difficulty  of  giving  the  acid  a name 
must  be  in  great  measure  removed.  The  supply 
of  the  naturally  acid  waters  used  in  the  foregoing 
experiments  was  not  sufficiently  large  for  any  to 
be  used  in  direct  experiments  upon  the  nature 
of  the  acid  present,  but  the  author  has  a 
strong  inclination  to  the  opinion  that  the  acidity 
is  due  to  nitric  and  carbonic  acids  ; in  waters  that 
exhibit  a decided  acidity  to  cochineal  it  will,  of 
course,  be  mainly  nitric.  Quite  a small  quantity 
of  free  carbonic  acid  is  appreciable  to  litmus, 
though  the  lead-dissolving  power  of  such  a 
quantity  will  be  but  slight.  There  is  much  to  be 
said  in  favour  of  the  acid  being  nitric  acid,  and 
something  to  be  said  against  its  being  an  organic 
acid.  The  author  would  ask,  is  there  any  organic 
acid  known  that  in  a proportion  of  much  less  than 
one  grain  per  gallon  will  give  a decided  and  perma- 
nent acidity  such  as  that  possessed  by  Huddersfield 
water?  Everybody  who  has  had  the  handling  of 
weak  dilutions  of  the  common  organic  acids — • 
acetic,  tartaric,  citric,  malic — must  have  noticed 
that  in  such  liquids  fungoid  growths  invariably 
develop  in  the  course  of  a few  days ; this  is 
particularly  well  seen  with  acetic  acid.  Why  do 
not  these  growths  occur  in  Huddersfield  water  if 
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the  acid  in  it  be  acetic  ? In  regard  to  other 
organic  acids  that  have  been  mentioned  as  likely  to 
give  the  acidity  to  these  waters — ulmic,  humic, 
&c. — very  little  appears  to  be  known  as  to  their 
properties  and  composition ; in  fact,  at  present 
they  appear  to  be  little  better  than  names.  These 
acids  are,  however,  described  in  books  as  having  a 
weak  acidity.  It  is  certain  that  the  acid  in 
Huddersfield  water  has  a very  powerful  acidity. 
Rain-water  often  has,  or  is  capable  of  developing, 
a decided  acidity,  which  is  quite  equal  to  the 
most  acid  sample  of  Huddersfield  water  obtained, 
if,  indeed,  it  does  not  exceed  it.  What  is  the 
usual  reaction  of  the  rain-water  in  those  districts 
where  the  water  is  found  to  be  acid  in  the  brooks 
and  reservoirs  ? If  the  rain-water  be  acid,  it 
would  appearto  be  quite  unnecessary  to  seek  further 
for  the  origin  of  the  acid  in  the  water  supply, 
though  it  is  quite  possible  to  conceive  that  the  acid 
of  the  rain-water  may  be  augmented  after  its  fall 
by  decomposition  and  oxidation  of  nitrogenous 
material,  not  of  necessity  derived  from  peat  or 
humus.  The  idea  is  surely  feasible  that  if  rain- 
water, after  it  has  fallen  to  the  earth,  meets  with 
no  alkaline  carbonate,  by  solution  of  which  its 
reaction  would  become  alkaline,  its  reaction  will 
be,  or  will  shortly  become,  acid.  The  acids  it  is 
most  natural  to  suppose  will  be  developed  in  it  are 
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nitric  and  carbonic.  Again,  these  waters  which 
act  on  lead  undoubtedly  all  contain  nitrate.  It  is 
easy  enough  to  satisfy  one’s  self  on  that  point  by  an 
examination  of  the  fur  on  a piece  of  lead  that  has 
heen  exposed  to  their  action.  Therefore,  if  the 
water  contain  any  inorganic  acid,  there  is  a likeli- 
hood of  it  being  nitric  acid,  at  least  in  part. 

Lastly,  in  regard  to  the  prevention  of  the 
action  of  water  on  lead,  we  have  seen  that  the 
introduction  of  an  alkaline  carbonate  into  a water 
prevents  the  action  that  would  otherwise  occur, 
and  that  it  is  also  prevented  in  those  waters 
which  naturally  contain  carbonate  of  lime.  In  an 
alkaline  water  phosphate  has  also  power  of  giving 
the  lead  a covering  which  protects  it,  but  the 
action  of  water  does  not  appear  to  be  so  promptly 
stopped  by  phosphate  as  by  carbonate.  From  a 
practical  point  of  view,  too,  the  addition  to  a 
water  of  phosphate  for  the  purpose  of  preventing 
action  on  lead  is  not  likely  to  answer,  inasmuch 
as  it  would  be  useless  to  add  it  to  an  acid  water, 
because  it  cannot  protect  the  lead  in  an  acid 
solution,  and  has  no  power  of  neutralizing  the 
acid,  and  it  is  chiefly  in  acid  waters  that  pollution 
by  lead  occurs.  With  silicate  better  results  were 
expected  than  those  obtained.  Silica,  when 
present  in  an  acid  water,  appears  to  have  some 
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power  of  covering  the  lead  with  a protective  coat, 
hut  this  coat  seems  to  he  formed  too  slowly 
and  too  imperfectly  to  prevent  lead  being  taken 
into  solution.  When  the  water  is  alkaline  it  is 
questionable  whether  the  presence  of  silica  is  of 
any  advantage.  The  satisfactory  effects  said  to 
have  been  obtained  by  passing  a lead-dissolving 
water  over  flints  are  more  likely  to  have  been  due 
to  the  neutralization  of  the  acid  in  the  water  and 
solution  of  a small  quantity  of  carbonate  derived 
from  the  flints  than  from  solution  of  silica. 

Thus  at  present  the  best  answer  to  the  question 
of  how  the  action  of  water  on  lead  is  to  be  pre- 
vented, lies  in  the  addition  of  an  alkaline  car- 
bonate to  the  water.  The  most  natural  and  least 
objectionable  carbonate  for  the  purpose  is  car- 
bonate of  lime,  a solution  of  which  that  has  a 
constant  strength  of  two  grains  in  the  gallon 
being  amply  sufficient  for  perfect  protection  of 
the  lead.  In  fact  it  will  probably  be  found  that 
when  a lead  pipe  lias  already  become  well  coated 
by  exposure  to  the  action  of  a water  containing 
as  much  as  or  more  than  two  grains  of  carbonate 
of  lime  per  gallon,  a much  weaker  solution  than 
this  will  suffice  to  prevent  the  removal  of  the  pro- 
tective coat,  provided  that  the  water  does  not  at 
the  same  time  contain  considerable  excess  of  car- 
bonic acid  gas  over  that  which  is  required  to  keep 
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the  calcium  carbonate  in  solution.  So  far  there 
seems  to  have  been  some  difficulty  in  getting1  so 
much  as  two  grains  per  gallon  of  this  carbonate 
into  solution,  but  this  difficulty  will  probably  be 
overcome  when  a little  more  thought  has  been 
given  to  the  question.  For  its  solution  in  water 
carbonate  of  lime  depends  upon  the  presence  of 
free  carbonic  acid.  Experiments  might  be  made 
with  various  limestones  with  the  object  of  deter- 
mining whether  one  is  more  soluble  in  water  than 
another.  Possibly  the  less  compact  native  car- 
bonates of  lime  are  more  readily  taken  up  by 
water  than  the  harder  varieties.  There  may  be 
an  objection  to  the  most  friable  varieties,  such  as 
the  chalks,  on  account  of  the  turbidity  which  an 
excess  would  cause  in  the  water ; this,  however, 
must  depend  upon  how  and  where,  and  in  what 
quantity,  the  chalk  is  applied.  It  is  not  unlikely 
that  a considerable  and  important  difference  might 
be  found  to  exist  between  one  variety  of  limestone 
and  another  in  regard  to  ability  for  absorbing 
carbonic  acid  gas  from  the  air  when  exposed  in  a 
dry  state,  and  the  discovery  of  any  such  difference 
might  lead  to  the  solution  of  the  difficulty.  The 
greater  the  natural  acidity  of  a lead-dissolving 
water,  the  greater  should  be  its  power  of  dissolving 

carbonate  of  lime,  because  free  carbonic  acid  will 
be  the  result  of  the  neutralization  of  the  acid  in 
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the  water  by  a portion  of  the  carbonate,  and  this 
carbonic  acid  will  be  set  free  in  proportion  to  the 
acid  which  is  present  to  displace  it.  The  best 
place  to  apply  the  limestone  to  the  water  must  be, 
not  at  the  outlet  of  a reservoir,  but  at  intervals 
in  the  streams  which  supply  the  water,  beginning 
at  their  most  remote  points  of  origin.  Another 
method  of  getting  sufficient  carbonate  into  the 
water,  which  must  be  practicable  in  many  places, 
though  of  course  necessitating  some  outlay,  will 
be  to  obtain  a hard  spring  or  well  water,  and 
mix  it  in  suitable  proportion  with  the  soft  lead- 
dissolving surface  water.  The  quantity  of  hard 
water  required  to  attain  the  object  would  not  be 
great  in  proportion  to  the  soft  water.  In  the  ex- 
periment recorded  it  will  be  remembered  that  one 
part  of  New  River  water  to  twenty  parts  of  Mir- 
field  water  was  found  to  be  more  than  enough  to 
prevent  action  upon  lead. 

In  regard  to  the  practical  prevention  of  the 
action  of  water  upon  lead  pipes,  the  author  does  not 
pretend  to  have  exhausted  the  subject.  He  trusts 
a perusal  of  this  essay  may  lend  some  aid  to  other 
gentlemen  who  are  at  present  engaged  upon  the 
same  pursuit,  and  is  sanguine  that  an  easily- 
applied  and  thoroughly  efficient  method  will  at 
length  be  found  to  altogether  avert  the  danger 
arising  from  lead  in  drinking-water. 


A READY  METHOD  OF  DETECTING 
AND  ESTIMATING  MINUTE  TRACES 
OF  LEAD  IN  DRINKING-WATER. 

The  usual  method  of  testing  for  lead  in  water 
consists  in  precipitating  it  with  sulphuretted 
hydrogen  or  sulphide  of  ammonium.  The  lead, 
whether  in  acid  or  alkaline  solution,  is  thrown  out 
on  the  addition  of  either  of  these  re-agents  as 
sulphide  of  lead,  and  the  intense  brown  colour  of 
this  salt  renders  it  readily  perceptible.  In  testing 
for  lead  in  drinking-water,  it  is  necessary  to 
acidulate  the  water  with  hydrochloric  acid  as  a 
preliminary  proceeding,  the  object  being  to  prevent 
the  precipitation  of  iron,  which  is  very  likely  to 
be  present  along  with  lead,  and  which  is  also 
precipitated  in  alkaline  solution  as  a dark  sulphide. 
The  limit  of  the  test  is  reached  when  the  strength 
of  the  solution  is  less  than  one  part  of  lead  in 
700,000  of  water,  or  To-  grain  of  lead  per  gallon. 
To  appreciate  with  certainty  smaller  quantities  of 
lead  than  this  requires  concentration  of  the  solu- 
tion by  evaporation,  a process  which  is  ordinarily 
not  resorted  to.  As  it  is  important  that  lead 
should  be  discovered  if  present,  even  though  in 
smaller  proportion  than  Ar  gi’ain  per  gallon,  and 
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as  even  this  quantity  may  escape  detection  in  the 
hands  of  an  unpractised  operator,  a modification 
of  the  test  which  readily  leads  to  the  certain 
discovery  of  lead  in  exceedingly  dilute  solutions, 
should  he  worth  attention.  Whatever  be  the 
degree  of  dilution  of  the  solution  of  lead,  there  is 
no  doubt  that  the  sulphide  of  lead  is  formed  on 
addition  of  sulphide  of  hydrogen  or  ammonium, 
although  the  consequent  darkening  in  the  water 
may  be  too  slight  to  be  observed  by  a person  of 
ordinary  powers  of  vision.  Hence  the  idea  arose 
of  endeavouring  to  bring  the  pi’ecipitate  into  a 
small  compass  by  adding  some  insoluble  white 
powder,  which,  in  being  precipitated  itself,  should 
collect  and  bring  down  the  sulphide  of  lead  along 
with  it,  the  presence  and  quantity  of  the  lead 
being  declared  by  the  degree  of  colour  imparted 
to  the  white  powder.  Of  the  powders  tried,  dried 
sulphate  of  barium  wa3  found  to  answer  by  far 
the  best.  When  this  substance  is  shaken  with 
water  in  a test-tube  and  the  tube  then  placed  in 
the  test-tube  rack  and  allowed  to  stand,  the  sub- 
sidence of  the  sulphate  of  barium  takes  place  in 
two  well-defined  layers.  The  lower  layer  is 
formed  by  the  more  aggregate  particles  of  the 
sulphate,  and  comes  down  very  rapidly.  The 
upper  layer  is  finer  and  takes  longer  to  subside. 
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It  is  in  this  second  or  upper  layer  that  the 
sulphide  of  lead  is  contained  if  present  in  the 
water,  and  the  first  or  lower  layer  being  white 
and  sharply  defined  from  the  upper  layer,  allows 
of  a comparison  which  renders  the  test  very 
delicate.  The  colour  imparted  varies  fi’om  the 
palest  Indian  grey  or  buff  to  darkest  brown.  In 
half  an  ounce  of  water  in  a six-inch  test-tube  lead 
equivalent  to  one  part  in  14,000,000,  or  of  a 
grain  per  gallon,  is  detected  with  certainty  by 
this  means,  and  if  there  were  any  practical 
advantage  in  detecting  much  smaller  quantities, 
it  could  doubtless  be  done  by  using  a longer  tube. 
Comparisons  of  precipitates  obtained  from  waters 
containing  lead  may  be  made  with  those  from  a 
water  to  which  a known  quautity  of  acetate  of 
lead  has  been  added,  and  a fair  estimate  of  the 
quantity  of  lead  present  can  be  thus  arrived  at. 
The  following  is  the  best  method  of  applying  the 
test : — Take  a narrow  test-tube,  that  which  is  six 
inches  long  and  half  an  inch  in  diameter  answers 
well,  put  into  it  half  an  ounce  of  the  water  and 
one  drop  of  dilute  hydrochloric  acid.  Pass  washed 
H2S  through  it,  or  add  one  drachm  of  strong, 
freshly  prepared  sulphuretted  hydrogen  water, 
and  add  half  a grain  of  sulphate  of  barium. 
Shake  and  set  aside.  If  the  water  be  made  alka- 
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line  with  a drop  of  ammonia  and  the  precipitate 
again  diffused  through  the  water  by  a shake,  the 
test  becomes  equally  delicate  for  iron.  The 
sulphide  of  iron  has  a green  tint,  and  soon 
becomes  paler  through  oxidation.  Precautions: 
— Let  the  quantity  of  hydrochloric  acid  that  is 
added  be  limited,  a very  slight  acidity  suffices  to 
prevent  precipitation  of  iron,  whereas  much  acid 
has  a decided  tendency  to  dissolve  small  quantities 
of  PbS.  The  quantity  of  the  precipitate  is  different 
for  the  same  quantity  of  lead  when  Am2S  and 
H2S  are  used,  due  no  doubt  to  the  large  amount 
of  sulphur  precipitated  from  the  former.  So  that 
in  comparative  testing  use  either  one  re-agent  or 
the  other  throughout.  Use  a very  small  quantity 
of  Ba  S04.  In  comparative  experiments  always  the 
same  amount.  Half  a grain  is  a convenient 
quantity  for  a small  test-tube.  Use  sulphate  of 
barium  powder,  and  do  not  attempt  to  precipitate 
it  in  the  water  by  addition  of  nitrate  or  chloride 
of  barium  and  sulphuric  acid  or  a soluble  sulphate, 
because  in  that  case  the  barium  comes  down  all 
in  an  equal  state  of  division  and  forms  one  equal 
layer,  and  the  comparison  of  a contiguous  upper 
and  lower  layer,  upon  which  the  delicacy  of  the 
test  depends,  is 
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New  and  Recent  Works  published  by 


ALFRED  H.  CARTER,  M.D.  LOND. 

Member  of  the  Royal  College  of  Physicians ; Physician  to  the  Queen's 
Hospital,  Birmingham,  &c. 

CLEMENTS  OF  PRACTICAL  MEDICINE.  Fifth 
,Lj  Edition,  crown  8vo,  gs. 


P.  CAZEAUX. 

Adjunct  Professor  in  the  Faculty  of  Medicine  of  Paris,  &c. 

AND 

S.  TARNIER. 

Professor  of  Obstetrics  in  the  Faculty  of  Medicine  of  Paris. 

QBSTETRICS : THE  THEORY  AND  PRACTICE; 

including  the  Diseases  of  Pregnancy  and  Parturition,  Ob- 
stetrical Operations,  &c.  Seventh  Edition,  with  plates,  and  wood- 
engravings,  royal  8vo,  35s. 


FRANCIS  HENRY  CHAMPNEYS,  M.A.,  M.B.  OXON.,  F.R.C.P. 

Obstetric  Physician  and  Lecturer  on  Obstetric  Medicine  at  St.  George’s  Hos- 
pital ; Examiner  in  Obstetric  Medicine  in  the  University  of  London,  etc. 

EXPERIMENTAL  RESEARCHES  IN  ARTIFICIAL 
RESPIRATION  IN  STILLBORN  CHILDREN,  AND 
ALLIED  SUBJECTS.  Crown  8vo,  3s.  6d. 


W.  BRUCE  CLARKE,  M.A.,  M.B.  OXON.,  F.R.C.S. 

Assistant  Surgeon  to,  and  Senior  Demonstrator  of  Anatomy  and  Operative 
Surgery  at  St.  Bartholomew’s  Hospital,  &c. 

THE  diagnosis  and  treatment  of  dis- 
1 EASES  OF  THE  KIDNEY  AMENABLE  TO  DIRECT 
SURGICAL  INTERFERENCE.  Demy  8vo,  with  Illustrations, 
7s.  6d. 


WALTER  S.  COLMAN,  M.B.  LOND. 

Formerly  Assistant  to  the  Professor  of  Pathology  in  the  University  of 
Edinburgh. 

CECTION  CUTTING  AND  STAINING:  A Practical 

^ Guide  to  the  Preparation  of  Normal  and  Morbid  Histologi- 
cal Specimens.  Illustrations,  crown  8vo,  3s. 


ALFRED  COOPER,  F.R.C.S. 

Surgeon  to  the  St.  Mark’s  Hospital  for  Fistula  and  other  Diseases  of  the 

Rectum. 

A PRACTICAL  TREATISE  ON  DISEASES  OF  THE 
**  RECTUM.  Crown  8vo,  4s. 


H.  K.  Lewis,  136  Gower  Street,  London. 
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W.  H.  CORFIELD,  M.A.,  M.D.  OXON. 

Professor  of  Hygiene  and  Public  Health  in  University  College,  London. 
DWELLING  HOUSES:  their  Sanitary  Construction  and 

^ Arrangements.  Second  Edition,  with  Illustrations,  crown 
8vo,  3s.  6d. 


EDWARD  COTTERELL,  M.R.C.S.  ENG.,  L.R.C.P.  LOND. 

AN  SOME  COMMON  INJURIES  TO  LIMBS:  their 
Treatment  and  After-Treatment  including  Bone-Setting  (so- 
called).  Imp.  i6mo,  with  Illustrations,  3s.  6d. 


CHARLES  CREIGHTON,  M.D. 

1. 

ILLUSTRATIONS  OF  UNCONSCIOUS  MEMORY 

* IN  DISEASE,  including  a Theory  of  Alteratives.  Post 
8vo,  6s. 

IT. 

PONTRIBUTIONS  TO  THE  PHYSIOLOGY  AND 
^ PATHOLOGY  OF  THE  BREAST  AND  LYMPHA- 
TIC GLANDS.  Second  Edition,  illustrated,  8vo,  gs. 

in. 

•DOVINE  TUBERCULOSIS  IN  MAN  : An  Account  of 

^ the  Pathology  of  Suspected  Cases.  With  Chromo-litho- 
graphs and  other  Illustrations,  8vo,  8s.  6d. 


EDGAR  M.  CROOKSHANK,  M.B.  LOND.,  F.R.M.S. 

Professor  of  Bacteriology,  King's  College,  London. 

OISTORY  AND  PATHOLOGY  OF  VACCINATION. 

2 vols.,  royal  8vo,  coloured  plates,  36s. 


RIDLEY  DALE,  M.D.,  L.R.C.P.  ED1N-,  M.R.C.S.  ENG. 
£PITOME  OF  SURGERY.  Large  8vo,  10s.  6d. 


HERBERT  DAVIES,  M.D.,  F.R.C.P. 

Late  Consulting  Physician  to  the  London  Hospital,  and  formerly  Fellow  of 
Queen’s  College,  Cambridge. 

THE  MECHANISM  OF  THE  CIRCULATION  OF 
1 THE  BLOOD  THROUGH  ORGANICALLY  DIS- 
EASED HEARTS.  Edited  by  Arthur  Templer  Davies,  B.A. 
M.B.  Cantab.,  M.R.C.P.  Crown  8vo,  3s.  6d. 
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New  and  Recent  Works  published  by 


HENRY  DAVIS,  M.R.C.S.  ENG. 

Teacher  and  Administrator  of  Anesthetics  to  St.  Mary's  and  the  National 
Dental  Hospitals. 

ftUIDE  TO  THE  ADMINISTRATION  OF  ANtES- 

THETICS.  Fcap.  8vo,  2s. 


AUSTIN  FLINT,  M.D.,  LL.D. 

Professor  of  Physiology  and  Physiological  Anatomy  at  the  Bellevue  Hospital 
Medical  College,  New  York,  &c.,  &c. 

A TEXT-BOOK  OF  HUMAN  PHYSIOLOGY.  Fourth 

edition,  with  316  illustrations,  royal  8vo,  25s. 

[Just  published. 


A 


J.  MILNER  FOTHERGILL,  M.D. 

1. 

MANUAL  OF  DIETETICS.  Large  8vo,  10s.  6d. 


11. 

The  heart  and  its  diseases,  with  their 

TREATMENT;  INCLUDING  THE  GOUTY  HEART. 
Second  Edition,  entirely  re-written,  copiously  illustrated  with 
woodcuts  and  lithographic  plates,  8vo,  16s. 


hi. 

INDIGESTION,  BILIOUSNESS,  AND  GOUT  IN  ITS 

1 PROTEAN  ASPECTS. 

Part  I.— INDIGESTION  AND  BILIOUSNESS.  Second 
Edition,  post  8vo,  7s.  6d. 

Part  II.— GOUT  IN  ITS  PROTEAN  ASPECTS. 

Post  8vo,  7s.  6d. 

IV. 


'J’HE 


TOWN  DWELLER:  HIS  NEEDS  AND  HIS 

WANTS.  Post  8vo,  3s.  6d.  [ Now  ready. 


FORTESCUE  FOX,  M.D.  LOND. 

Fellow  of  the  Medical  Society  of  London. 

CTRATHPEFFER  SPA,  ITS  CLIMATE  AND 

^ WATERS,  with  observations,  historical,  medical,  and  gene- 
ral, descriptive  of  the  vicinity.  Illustrated,  cr.  8vo,  2s.  6d.  nett. 

[jfust  published. 


ALFRED  W.  GERRARD,  F.C.S. 

Examiner  to  the  Pharmaceutical  Society;  Teacher  of  Pharmacy  and  Demon- 
strator  of  Materia  Medica  to  University  College  Hospital,  etc. 

CLEMENTS  OF  MATERIA  MEDICA  AND  PHAR- 

^ MACY.  Crown  8vo,  8s.  6d. 


H.  K.  Lewis,  136  Gower  Street,  London 
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JOHN  GORHAM,  M.R.C.S. 

Fellow  of  the  Physical  Society  of  Guy’s  Hospital,  etc. 

TOOTH  EXTRACTION  : A manual  of  the  proper  mode 

of  extracting  teeth,  with  a Table  exhibiting  the  names  of 
all  the  teeth,  the  instruments  required  for  extraction  and  the  most 
approved  methods  of  using  them.  Third  edition,  fcap  8vo,  is.  6d. 

[Just  published. 


GEORGE  M.  GOULD,  A.B.,  M.D. 

Ophthalmic  Surgeon  to  the  Philadelphia  Hospital,  etc. 

A NEW  MEDICAL  DICTIONARY.  A compact  concise 
A Vocabulary,  convenient  for  reference,  based  on  recent 
medical  literature.  Small  8vo,  over  500  pp.,  16s. 

[Now  ready. 


J.  B.  GRESSWELL,  M.R.C.V.S.  * 

Provincial  Veterinary  Surgeon  to  the  Royal  Agricultural  Society. 

VETERINARY  PHARMACOLOGY  AND  THERA- 

" PEUTICS.  Fcap.  8vo,  5s. 


BERKELEY  HILL,  M.B.  LOND.,  F.R.C.S. 

Professor  of  Clinical  Surgery  in  University  College;  Surgeon  to  University 
College  Hospital,  and  to  the  Lock  Hospital. 

I. 

'THE  ESSENTIALS  OF  BANDAGING.  For  Managing 
-*•  Fractures  and  Dislocations  ; for  administering  Ether  and 
Chloroform  ; and  for  using  other  Surgical  Apparatus.  Sixth 
Edition,  with  Illustrations,  fcap.  8vo,  5s. 

II. 

PHRONIC  URETHRITIS,  AND  OTHER  AFFEC- 
t TIONS  OF  THE  GENITO-URINARY  ORGANS. 
Royal  8vo,  coloured  plates,  3s.  6d. 


BERKELEY  HILL,  M.B.  LOND.,  F.R.C.S. 

Professor  of  Clinical  Surgery  in  University  College. 

AND 

ARTHUR  COOPER,  L.R.C.P.,  M.R.C.S. 

Surgeon  to  the  Westminster  General  Dispensary,  &c. 

I. 

CYPHILIS  AND  LOCAL  CONTAGIOUS  DISOR- 
DERS.  Second  Edition,  entirely  re-written,  royal  8vo,  18s. 


THE  STUDENT’S  MANUAL  OF  VENEREAL  DIS- 

1 EASES.  Being  a Concise  Description  of  those  Affections 
and  of  their  Treatment.  Fourth  Edition,  post  8vo,  2s.  6d. 
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New  and  Recent  Works  published  by 


NORMAN  KERR,  M.D.,  F.L.S. 

President  of  the  Society  for  the  Study  of  Inebriety  ; Consulting  Physician, 
Dalrymple  Home  for  Inebriates,  etc. 

INEBRIETY:  ITS  ETIOLOGY,  PATHOLOGY, 

1 TREATMENT,  AND  JURISPRUDENCE.  Second  Ed i- 
tion,  crown  8vo,  12s.  6d.  [Now  ready 


J.  WICKHAM  LEGG,  F.R.C.P. 

Assistant  Physician  to  Saint  Bartholomew's  Hospital,  and  Lecturer  on 
Pathological  Anatomy  in  the  Medical  School. 

a GUIDE  TO  THE  EXAMINATION  OF  THE 

URINE;  intended  chiefly  for  Clinical  Clerks  and  Stu- 
dents. Sixth  Edition,  revised  and  enlarged,  with  additional  Illus- 
trations, fcap.  8vo,  2s.  6d. 


I EWIS’S  POCKET  CASE  BOOK  FOR  PRACTI- 
TIONERS  AND  STUDENTS.  Designed  by  A.  T. 
Brand,  M.D.  Roan,  with  pencil,  3s.  6d.  nett. 


| EWIS’S  POCKET  MEDICAL  VOCABULARY. 

Over  200  pp.,  321T10,  limp  roan,  3s.  6d. 


T.  R.  LEWIS,  M.B.,  F.R.S.  ELECT,  ETC. 

Late  Fellow  of  the  Calcutta  University;  Surgeon-Major  Army  Medical  Staff. 

PHYSIOLOGICAL  AND  PATHOLOGICAL  RE- 

SEARCHES.  Arranged  and  edited  by  Sir  Wm.  Aitken, 
M.D.,  F.R.S. , G.  E.  Dobson,  M.B.,  F.R.S.,  and  A.  E.  Brown, 
B.Sc.  Crown  4to,  portrait,  5 maps,  43  plates  including  15  chromo- 
lithographs, and  67  wood  engravings,  30s.  nett. 


WILLIAM  THOMPSON  LUSK,  A.M.,  M.D. 

Professor  of  Obstetrics  and  Diseases  of  Women  in  the  Bellevue  Hospital 
Medical  College,  &c. 

T'HE  SCIENCE  AND  ART  OF  MIDWIFERY.  Third 
1 Edition,  revised  and  enlarged,  with  numerous  Illustrations, 
8vo,  18s. 


H.  K.  Lewis,  136  Gower  Street,  London.  9 


LEWIS’S  PRACTICAL  SERIES. 

These  volumes  are  written  by  well-known  Hospital  Physicians  and  Sur- 
geons recognised  as  authorities  in  the  subjects  of  which  they  treat.  They  are 
of  a thoroughly  Practical  nature,  and  calculated  to  meet  the  requirements 
of  the  general  Practitioner  and  Student  and  to  present  the  most  recent  infor- 
mation in  a compact  and  readable  form ; the  volumes  are  handsomely 
got  up  and  issued  at  low  prices,  varying  with  the  size  of  the  works. 

HYGIENE  AND  PUBLIC  HEALTH. 

By  LOB  IS  C.  PARKES,  M.D.,  D.P.H.  Lond.  Univ.,  Assistant  Pro- 
fessor  of  Hygiene,  University  College,  London;  Fellow,  and  Member  of 
the  Board  of  Examiners  of  the  Sanitary  Institute;  Assistant  Examiner 
in  Hygiene,  Science  and  Art  Department  South  Kensington.  Second 
Edition,  with  Illustrations,  cr.  8vo.,  9s.  [Now  ready. 

MANUAL  OF  OPHTHALMIC  PRACTICE. 

By  C.  HIGGENS,  F.K.C.S  , Ophthalmic  Surgeon  to  Guy’s  Hospital ; 
Lecturer  on  Ophthalmology  at  Guy’s  Hospital  Medical  School.  Illus- 
trations, crown  8vo,  6s. 


A PRACTICAL  TEXTBOOK  OF  THE  DISEASES  OF 

WOMEN.  By  ARTHUR  H.  N.  LEWERS,  M.D.  Lond.,  M.R.C.P. 
Lond.,  Assistant  Obstetric  Physician  to  the  London  Hospital;  Examiner 
in  Midwifery  and  Diseases  of  Women  to  the  Society  of  Apothecaries  of 
London  ; etc.  Second  Edition,  with  Illustrations,  crown  8vo,  gs. 

ANAESTHETICS  THEIR  USES  AND  ADMINISTRATION. 

By  DUDLEY  W.  BUXTON.  M.D.,  B.S.,  M.R.C  P.,  Administrator 
of  Anaesthetics  to  University  College  Hospital  and  to  the  Hospital  for 
Women,  Soho  Square.  Second  Edition,  crown  8vo.  [Nearly  ready . 

TREATMENT  OFDISEASE  IN  CHILDREN:  EMBODYING 

THE  OUTLINES  OF  DIAGNOSIS  AND  THE  CHIEF  PATHO- 
LOGICAL DIFFERENCES  BETWEEN  CHILDREN  AND 
ADULTS.  By  ANGEL  MONEY,  M.D.,  F.R.C.P.,  Assistant  Physi- 
cian to  the  Hospital  for  Children,  Great  Ormond  Street,  and  to  University 
College  Hospital.  Second  Edition,  crown  8vo,  ios.  6d. 

ON  FEVERS:  THEIR  HISTORY,  ETIOLOGY,  DIAGNOSIS, 

PROGNOSIS,  AND  TREATMENT.  By  ALEXANDER  COLLIE, 
M.D.  (Aberdeen),  Medical  Superintendent  of  the  Eastern  Hospitals. 
Coloured  plates,  cr.  8vo,  8s.  6d. 

HANDBOOK  OF  DISEASES  OF  THE  EAR  FOR  THE 

USE  OF  STUDENTS  AND  PRACTITIONERS.  By  URBAN 
PRITCHARD,  M.D.  (Edin.),  F.R.C.S.  (Eng.),  Professor  of  Aural 
Surgery  at  King’s  College,  London ; Aural  Surgeon  to  King’s  College 
Hospital.  With  Illustrations,  crown  8vo,  4s.  6d 

A PRACTICAL  TREATISE  ON  DISEASES  OF  THE  KID- 

NEYS  AND  URINARY  DERANGEMENTS.  By  C.  H.  RALFE,  M.A., 
M.D.  Cantab.,  F.R.C.P.  Lond.,  Assistant  Physician  to  the  London  Hos- 
pital.  With  Illustrations,  crown  8vo,  ios.  6d. 

DENTAL  SURGERY  FOR  GENERAL  PRACTITIONERS 

AND  STUDENTS  OF  MEDICINE.  By  ASHLEY  W.  BARRETT, 
M.B.  Lond.,  M.R.C.S.,  L.D.S.,  Dental  Surgeon  to,  and  Lecturer  on 
Dental  Surgery  and  Pathology  in  the  Medical  School  of,  the  London 
Hospital.  Second  Edition,  with  Illustrations,  crown  8vo,  3s-  6d 

BODILY  PEFOR.MITTES  AND  THEIR  TREATMENT:  A 

Handbook  of  Practical  Orthopaidics.  By  H.  A.  REEVES,  F.R.C.S.  Ed., 
Senior  Assistant  Surgeon  and  Teacher  of  Practical  Surgery  at  the  London 
Hospital.  With  numerous  Illustrations,  crown  8vo,  8s.  6d. 

*•*  Further  Volumes  ivill  be  announced  in  due  course. 


10  New  and  Recent  Works  published  by 


WILLIAM  MARTINDALE,  F.C.S. 

AND 

W.  WYNN  WESTCOTT,  M.B.  LOND. 

'THE  EXTRA  PH  ARM  ACOPCEIA  with  the  additions 
introduced  into  the  British  Pharmacopoeia  1885 ; and 
Medical  References,  and  a Therapeutic  Index  of  Diseases  and 
Symptoms.  Sixth  Edition,  limp  roan,  med.  24100,  7s.  6d. 

INow  ready. 


A.  STANFORD  MORTON,  M.B.,  F.R.C.S.  ENG. 

Senior  Assistant  Surgeon,  Royal  South  London  Ophthalmic  Hospital. 

DEFRACTION  OF  THE  EYE:  Its  Diagnosis,  and  the 

Correction  of  its  Errors,  with  Chapter  on  Keratoscopy. 
Third  Edition.  Small  8vo,  3s. 


C.  W.  MANSELL  MOULLIN,  M.A.,  M.D.  OXON.,  F.R.C.S.  ENG. 

Assistant  Surgeon  and  Senior  Demonstrator  of  Anatomy  at  the  London 

Hospital. 


CPRAINS;  THEIR  CONSEQUENCES 

ME  NT.  Crown  8vo,  5s. 


AND  TREAT- 


WILLIAM  MURRELL,  M.D.,  F.R.C.P. 

Lecturer  on  Materia  Medica  and  Therapeutics  at  Westminster  Hospital. 

I. 

MASSOTHERAPEUTICS;  OR  MASSAGE  AS  A 

MODE  OF  TREATMENT.  Fifth  Edition,  crown  8vo, 
4s.  6d.  ready. 

11. 

WHAT  TO  DO  IN  CASES  OF  POISONING.  Sixth 
Edition,  royal  32010,  3s.  6d.  [ “Jus t published. 


G.  OLIVER,  M.D.,  F.R.C.P. 

1. 

ON  BEDSIDE  URINE  TESTING:  a Clinical  Guide  to 

the  Observation  of  Urine  in  the  course  of  Work.  Fourth 
Edition,  fcap.  8vo,  3s.  6d.  published. 

11. 

THE  HARROGATE  WATERS  : Data  Chemical  and 

1 Therapeutical,  with  notes  on  the  Climate  of  Harrogate. 
Crown  8vo,  with  Map  of  the  Wells,  3s.  6d. 
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K.  W.  OSTROM. 

Instructor  in  Massage  and  Swedish  Movements  in  the  Hospital  of  the  Univer- 
sity of  Pennsylvania. 

MASSAGE  AND  THE  ORIGINAL  SWEDISH 
MOVEMENTS.  With  Illustrations,  i2mo,  2S.  6d.  nett. 

[Now  ready. 


R.  DOUGLAS  POWELL,  M.D.,  F.R.C.P.,  M.R.C.S. 

Physician  to  the  Hospital  for  Consumption  and  Diseases  of  the  Chest  at 
Brompton,  Physician  to  the  Middlesex  Hospital. 

niSEASES  OF  THE  LUNGS  AND  PLEURA  IN- 
u CLUDING  CONSUMPTION.  Third  Edition,  with 
coloured  plates  and  wood-engravings,  8vo,  16s. 


FRANCIS  H.  RANKIN,  M.D. 

President  of  the  Newport  Medical  Society. 

UYGIENE  OF  CHILDHOOD:  Suggestions  for  the  care 

ot  children  after  the  period  of  infancy  to  the  completion  of 
puberty.  Crown  8vo,  3s. 


SAMUEL  RIDEAL,  D.SC.  (LOND.),  F.I.C.,  F.C.S.,  F.G.S. 

Fellow  of  University  College,  London. 

I. 

DRACTICAL  ORGANIC  CHEMISTRY.  The  detection 
and  properties  of  some  of  the  more  important  organic  com- 
pounds. i2mo,  2s.  6d. 

II. 

PRACTICAL  CHEMISTRY  FOR  MEDICAL  STU- 
DENTS, Required  at  the  First  Examination  of  the 
Conjoint  Examining  Board  in  England.  Fcap.  8vo,  2S. 


E.  A.  RIDSDALE. 

Associate  of  the  Royal  School  of  Mines. 

POSMIC  EVOLUTION  : being  Speculations  on  the  Origin 
of  our  Environment.  Fcap.  8vo,  3s. 


SYDNEY  RINGER,  M.D.,  F.R.S. 

Professor  of  the  Principles  and  Practice  of  Medicine  in  University  College ; 
Physician  to,  and  Professor  of  Clinical  Medicine  in,  University 
College  Hospital. 

A HANDBOOK  OF  THERAPEUTICS.  Twelfth  Edition, 
**  revised,  8vo,  15s. 
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New  and  Recent  Works  published  by 


FREDERICK  T.  ROBERTS,  M.D.,  B.SC.,  F.R.C.P. 

Examiner  in  Medicine  at  the  University  of  London;  Professor  of  Therapeu- 
tics in  University  College  ; Physician  to  University  College  Hospital; 
Physician  to  the  Brompton  Consumption  Hospital,  &c. 

I. 

A HANDBOOK  OF  THE  THEORY  AND  PRACTICE 
OF  MEDICINE.  Seventh  Edition,  with  Illustrations, 
large  8vo,  2 is. 

11. 

THE  OFFICINAL  MATERIA  MEDICA.  Second  Edit., 
1 entirely  rewritten  in  accordance  with  the  latest  British 
Pharmacopoeia,  fcap.  8vo,  7s.  6d. 


ROBSON  ROOSE,  M.D.,  F.R.C.P.  EDIN. 

I. 

I EPROSY,  AND  ITS  TREATMENT  AS  ILLUS- 
u T RATED  BY  NORWEGIAN  EXPERIENCE.  Crown 
8vo,  3s.  fid. 

II. 

POUT,  AND  ITS  RELATIONS  TO  DISEASES  OF 
u THE  LIVER  AND  KIDNEYS.  Sixth  Edition,  crown 
8vo,  3 s.  6d. 

hi. 

MERVE  PROSTRATION  AND  OTHER  FUNC- 
n TIONAL  DISORDERS  OF  DAILY  LIFE.  Crown 
8vo,  10s.  6d. 


BERNARD  ROTH,  F.R.C.S. 

Fellow  of  the  Medical  Society  of  London. 

THE  TREATMENT  OF  LATERAL  CURVATURE 

*■  OF  THE  SPINE.  Demy  8vo,  with  Photographic  and 
other  Illustrations,  5s. 


pHE 


DR.  B.  S.  SCHULTZE. 

PATHOLOGY  AND  TREATMENT  OF  DIS- 
PLACEMENTS OF  THE  UTERUS.  Translated  by 


J.  J.  Macan,  M.A.,  M.R.C.S.,  and  edited  by  A.  V.  Macan  B.A., 
M.B.,  Master  of  the  Rotunda  Lying-in  Hospital,  Dublin.  With 
Illustrations,  medium  8vo,  12s.  6d. 


WM.  JAPP  SINCLAIR,  M.A.,  M.D. 

Honorary  Physician  to  the  Manchester  Southern  Hospital  for  Women  and 
Children,  and  Manchester  Maternity  Hospital. 

AN  GONORRHOEAL  INFECTION  IN  WOMEN. 

Post  8vo,  4s. 
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ALEXANDER  J.  C.  SKENE,  M.D. 

Professor  of  Gynaecology  in  the  Long  Island  College  Hospital,  Brooklyn. 

TREATISE  ON  THE  DISEASES  OF  WOMEN. 


8vo,  28s. 


1 With  251  engravings  and  9 chromo-lithographs,  medium 


ALDER  SMITH,  M.B.  LOND.,  F.R.C.S. 

Resident  Medical  Officer,  Christ's  Hospital,  London. 

DINGWORM:  ITS  DIAGNOSIS  AND  TREATMENT. 
**■  Third  Edition,  rewritten  and  enlarged,  with  Illustrations, 
fcap.  8vo,  5s.  6d. 


JOHN  KENT  SPENDER,  M.D.  LOND. 

Physician  to  the  Royal  Mineral  Water  Hospital,  Bath. 

THE  EARLY  SYMPTOMS  AND  THE  EARLY 

1 TREATMENT  OF  OSTEO-ARTHRITIS,  commonly 
called  Rheumatoid  Arthritis.  With  special  reference  to  the  Bath 
Thermal  Waters.  Small  8vo,  2s.  6d. 


LOUIS  STARR,  M.D. 

Clinical  Professor  of  Diseases  of  Children  in  the  Hospital  of  the  University  of 
Pennsylvania. 

UYGIENE  OF  THE  NURSERY.  Including  the  Gene- 
AAral  Regimen  and  Feeding  of  Infants  and  Children,  and  the 
Domestic  Management  of  the  Ordinary  Emergencies  of  Early 
Life.  Second  edition,  with  illustrations,  crown  8vo,  3s.  6d. 


W.  R.  H.  STEWART,  F.R.C.S.,  L.R.C.P.  EDIN. 

Aural  Surgeon  to  the  Great  Northern  Central  Hospital;  Surgeon  to  the 
London  Throat  Hospital,  &c. 

PPITOME  OF  DISEASES  AND  INJURIES  OF 
THE  EAR.  Royal  32mo,  2S.  6d. 


ADOLF  STRUM  PELL,  M.D. 

Director  of  the  Medical  Clinic  in  the  University  of  Erlangen. 

A TEXT-BOOK  OF  MEDICINE  FOR  STUDENTS 
AND  PRACTITIONERS.  Translated  from  the  latest 
German  Edition  by  Dr.  H.  F.  Vickery  and  Dr.  P.  C.  Knapp, 
with  Editorial  Notes  by  Dr.  F.  C.  Shattuck,  Visiting  Physician 
to  the  Massachusetts  General  Hospital,  etc.  Complete  in  one 
volume,  with  in  Illustrations  imp.  8vo,  28s. 
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New  and  Eeeent  Works  published  by 


LEWIS  A.  STIMSON,  B.A.,  M.D. 

Professor  of  Clinical  Surgery  in  the  Medical  Faculty  of  the  University  of  the 
City  of  New  York,  etc. 

A MANUAL  OF  OPERATIVE  SURGERY.  With 
three  hundred  and  forty-two  Illustrations.  Second  Edition, 
post  8vo,  ios.  6d. 


JUKES  DE  STY  RAP,  M.K.Q.C.P. 

Physician-Extraordinary,  late  Physician  in  Ordinary  to  the  Salop  Infirmary; 
Consulting  Physician  to  the  South  Salop  and  Montgomeryshire 
Infirmaries,  etc. 

I. 

'THE  YOUNG  PRACTITIONER:  With  practical  hints 

•t  and  instructive  suggestions,  as  subsidiary  aids,  for  his  guid- 
ance on  entering  into  private  practice.  Demy  8vo,  7s.  6d.  nett. 

II. 

A CODE  OF  MEDICAL  ETHICS:  With  general  and 

special  rules  for  the  guidance  of  the  faculty  and  the  public 
in  the  complex  relations  of  professional  life.  Third  edition, 
demy  8vo,  3s.  nett. 

hi. 

(VfEDICO-CHIRURGICAL  TARIFFS.  Fourth  edition, 
revised  and  enlarged,  fcap.  4to,  2s.  nett. 


iv. 


HIS  CODE  AND. 


-THE  YOUNG  PRACTITIONER: 

I TARIFF.  Being  the  above  three  works  in  one  volume. 
Demy  8vo,  ios.  6d.  nett. 


C.  W.  SUCKLING,  M.D.  LOND.,  M.R.C.P. 

Professor  of  Materia  Medica  and  Therapeutics  at  the  Queen’s  College, 
Physician  to  the  Queen’s  Hospital,  Birmingham,  etc. 

ON  THE  DIAGNOSIS  OF  DISEASES  OF  THE 
U BRAIN,  SPINAL  CORD,  AND  NERVES.  With  Illus- 
trations, crown  8vo,  8s.  6d. 


JOHN  BLAND  SUTTON,  F.R.C.S. 

Lecturer  on  Comparative  Anatomy,  and  Assistant  Surgeon  to  the  Middlesex 

Hospital. 

TIGAMENTS:  THEIR  NATURE  AND  MORPHO- 

i-i  LOGY.  Wood  engravings,  post  8vo,  4s.  6d. 


EUGENE  S.  TALBOT,  M.D.,  D.D.S. 

Professor  of  Dental  Surgery  in  the  Womens  Medical  College. 

IRREGULARITIES  OF  THE  TEETH  AND  THEIR 
I TREATMENT.  With  152  Illustrations,  royal  8vo,  ios.  oci. 


H.  K.  Lewis,  136  Gower  Street,  London.  15 


E.  G.  WHITTLE,  M.D.  LOND.,  F.R.C.S.  ENG. 

Senior  Surgeon  to  the  Royal  Alexandra  Hospital,  for  Sick  Children,  Brighton. 

PONGESTIVE  NEURASTHENIA,  OR  INSOMNIA 

^ AND  NERVE  DEPRESSION.  Crown  8vo,  3s.  6d. 


JOHN  WILLIAMS,  M.D.,  F.R.C.P. 

Professor  of  Midwifery  in  University  College,  London  ; Obstetric  Physician  to 
University  College  Hospital 


fANCER  OF  THE  UTERUS:  BEING  THE  HAR- 
^ VEIAN  LECTURES  FOR  1886.  Illustrated  with  Litho- 
graphic Plates,  royal  8vo,  10s.  6d. 


BERTRAM  C.  A.  WINDLE,  M.A.,  M.D.  DUBL. 

Professor  of  Anatomy  in  the  Queen’s  College,  Birmingham  ; Examiner  in 
Anatomy  in  the  Universities  of  Cambridge  and  Durham. 

A HANDBOOK  OF  SURFACE  ANATOMY  AND 

LANDMARKS.  Illustrations,  post  8vo,  3s.  6d. 

[Just  published. 


EDWARD  WOAKES,  M.D. 

Senior  Aural  Surgeon  ana  Lecturer  on  Aural  Surgery  at  the  London  Hospital, 
Surgeon  to  the  London  Throat  Hospital. 

I. 

DOST-NASAL  CATARRH  AND  DISEASES  OF  THE 
1 NOSE  CAUSING  DEAFNESS.  With  Illustrations, 
crown  8vo,  6s.  6d. 

II. 

1MASAL  POLYPUS:  WITH  NEURALGIA,  HAY- 

FEVER,  AND  ASTHMA,  IN  RELATION  TO  ETH- 
MOIDITIS.  With  Illustrations,  crown  8vo,  4s.  6d. 


DAVID  YOUNG,  M.C.,  M.B.,  M.D. 

Fellow  of,  and  late  Examiner  in  Midwifery  to,  the  University  of  Bombay,  etc. 

DOME  IN  WINTER  AND  THE  TUSCAN  HILLS 
IN  SUMMER.  A Contribution  to  the  Climate  of  Italy. 
Small  8vo,  6s. 


CLINICAL  CHARTS  FOR  TEMPERATURE  OBSERVATIONS,  ETC. 
Arranged  by  W.  Rigden,  M.R.C.S.  Price  is.  per  doz.,' 
7s.  per  100,  15s.  per  250,  28s.  per  500,  50s.  per  1000. 

Each  Chart  is  arranged  for  four  weeks,  and  is  ruled  at  the  back  for  making 
notes  of  cases ; they  are  convenient  in  size,  and  are  suitable  both  for  hospital 
and  private  practice 
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Periodical  Works. 


PERIODICAL  WORKS  PUBLISHED  BY  H.  K.  LEWIS. 

THE  NEW  SYDENHAM  SOCIETY S PUBLI- 
CATIONS. Annual  Subscription,  One  Guinea. 

Report  of  the  Society,  with  Complete  List  of  Works  and  other  information, 
gratis  on  application. 


THE  BRITISH  JOURNAL  OF  DERMATOLOGY.  Edited  by  Malcolm 
Morris  and  H.  G.  Brooke.  Published  monthly,  is.  per  no.  Annual 
Subscription,  12s.,  post  free. 

THE  NEW  YORK  MEDICAL  JOURNAL  A Weekly  Review  of  Medi- 
cine. Annual  Subscription,  One  Guinea,  post  free. 

THE  THERAPEUTIC  GAZETTE.  A Monthly  Journal,  devoted  to  the 
Science  of  Pharmacology,  and  to  the  introduction  of  New  Therapeutic 
Agents.  Edited  by  Drs.  H.  C.  Wood  and  R.  M.  Smith.  Annual  Sub- 
scription, ios.,  post  free. 

THE  GLASGOW  MEDICAL  JOURNAL.  Published  Monthly.  Annual 
Subscription,  20s.,  post  free.  Single  numbers,  2s.  each. 

LIVERPOOL  MEDICO -CHI RURGICAL  JOURNAL,  including  the  Pro- 
ceedings of  the  Liverpool  Medical  Institution.  Published  twice  yearly, 
3s.  6d.  each  number. 

MIDDLESEX  HOSPITAL.  Reports  of  the  Medical,  Surgical,  and  Patholo- 
gical Registrars  for  1883  to  1888.  Demy  8vo,  2s.  6d.  nett  each  volume. 

TRANSACTIONS  OF  THE  COLLEGE  OF  PHYSICIANS  OF  PHILA- 
DELPHIA. Volumes  I.  to  VI.,  8vo,  10s.  6d.  each. 


• • Mr.  Lewis  is  in  constant  communication  with  the  leading 
publishing  firms  in  America  and  has  transactions  with  them  for 
the  sale  of  his  publications  in  that  country.  Advantageous 
arrangements  are  made  in  the  interests  of  Authors  for  the 
publishing  of  their  works  in  the  United  States. 

Mr.  Lewis’s  publications  can  be  procured  of  any  Bookseller  in, 
any  part  of  the  world. 

Complete  Catalogue  of  Publications  post  free  on  application. 
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